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INTRODUCTION 
White (1870a) mentions "numerous small lakes of clear 
water, resting in shallow depressions in the Drift" in his 
references to the Wisconsin-age Drift in northcentral Iowa. 
One can find many other references to numerous lakes and wet­
lands in presettlement Iowa. While many of these contain 
general statements about existing vegetation, few specifics 
are known concerning the dynamics of wetland vegetation in 
Iowa. 
In his description of Little Wall Lake in Hamilton 
County, Mcbride (1909) is one of the first writers to give 
us a description of the vegetation; 
Little wall Lake is a picturesque little 
pond nearly surrounded by steep wall-like hills. 
Had it depth. Little Wall Lake would be the 
attraction of the landscape, but its shallowness 
makes it simply a great marsh filled from side to side 
with aquatic plants. The margins are dark with 
sedges. In the middle the cat-tail lifts its blades 
undisturbed, while over the deeper waters the pond 
lilies spread their broad leaves like inverted shields 
and star the surface with flowers « Innumerable birds 
fill the air with strident, unmusical sounds: ducks 
steer their miniature fleets about: mudhens wade 
about the calamus roots ; blackbirds cry as if life 
depended upon ceaseless noise: the tern hovers above 
the more open waters or sits upon the sand as if by 
the Seas the bittern sits among the reeds, bill 
straight up, more like an inverted stake than any 
"stake driver". And over all. in the evening, clouds 
of insects-mosquitoes make gray the air on every side. 
In the earlier morning the mists from the waters 
screen from the traveler the beautiful grain covered 
hills that slope down on every side and the lake lies 
in primitive wilderness, an isolated reminder of the 
weird marshy topography that so recently characterized 
not these counties only, but all northwestern Iowa, the 
land of a thousand lakes. 
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Lokken (1942) states that original claims under the 
Swamp Land Act of 1850 totalled 4-1/2 million acres of wet­
land to be reclaimed. It is evident that these claims were 
exaggerated. Only 873,656 acres of wetland were actually 
patented to the State of Iowa as swampland with an addi­
tional 793,210 acres equivalent being granted as indemnities 
for lands already secured or improved (Lokken, 1942). Thus 
it appears that the actual total wetland in Iowa was slightly 
over 1-1/2 million acres. In addition, 109 lakes having a 
total of 61,000 acres were originally meandered (State High­
way commission, 1916). Many of these lakes were shallow and 
contained large areas of emergent vegetation. Such areas are 
properly categorized as wetlands. Thus I have included lakes 
in the present discussion= 
The rapxd disappearance of shallow lakes and wetlands 
by drainage during the post-settlement period in Iowa is 
well documented. In 1916, the State Highway Commission re­
ported only 70 lakes remaining as undrained property. Some 
lakes had been reclassified under the Swampland Act of 1850 
and subsequently drained. Many others were drained by the 
stats and then sold to counties or indxvxduals. Other wet" 
lands had been drained to improve the drainage of Surrounding 
lands. Shaw and Fredine (1956) estimated that an original 
total of 1,192,392 acres of wetlands (not including open-
water types) had dwindled to 368,000 acres by 1922 and 
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117,000 acres by the mid-fifties. Thus in slightly over one 
century Iowa had destroyed or "reclaimed" approximately 90% of 
its original wetlands. This occurred despite such statements: 
The owners of the land desire to drain it. 
It is recognized that this desire is a laudable 
one, but it should be remembered that the land 
was purchased with an understanding of the con­
ditions... never with any assurance that the rest 
of the commonwealth would resign its rights to the 
enjoyment of the lake so that the individual might 
benefit (State Highway Commission ? 1916) = 
The remaining lakes and wetlands are being increasingly 
subjected to modifying pressures. These vary from intention­
al modification for the maximisation of specific uses to un­
intentional modification by public use and abuse. At the 
same time, desired flood control and a new emphasis on water-
based recreation has led to the construction of artificial 
lakes and reservoirs= Some of these have fluctuating water 
levels which result in many acres of a unique type of wetland 
commonly referred to as mudflats. A new emphasis on wetlands 
is also attested to by the recently passed Water Bank Act (PL 
91-559) of the Federal Government. Implementation of this 
act was recently initiated by the appropriation of $10 million 
to be used to secure 10-year agreements with land owners for 
the preservation of waterfowl breeding and nesting habitat. 
The use of wetlands as nutrient sinks is also under investi­
gation (Deevey, 1970). 
In 1916, the State Highway Commission emphasized that, 
"Iowa holds her lakes as a trust for the public. The 
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responsibility for the preservation and the improvement of 
the lakes is hers, whether she wills it or not". Today 
pressures are certainly evident for improving not only lakes 
but also wetlands. Millar (1969) writes: 
The day is rapidly approaching when we must 
undertake the intensive management of our prairie 
wetlands if we wish to maintain waterfowl popula­
tions at the levels considered desirable for their 
continued exploitation as a recreational resource. 
Such management will necessarily involve the mani­
pulation of the vegetation. 
Despite this new emphasis on intensive usage of both 
natural and artificial wetlands it seems that there is 
a paucity of information concerning the basic ecological rela 
tionships which lead to the natural diversity and stability 
of unmodified wetlands. Martin (1959) supports this when 
he writes: 
An intensive analysis of many communities and 
their habitats would be necessary to determine 
Î- vdJLj-ctt—s-Vii J-ii 
composition of marsh communities should be attributed 
to chance differences in reproduction and migration 
and/or genetic differences which result in regular 
arrangement of the population patterns along environ­
mental gradients. 
Millar (1969) also states: 
If this [management] is to be done intelli­
gently v/s must know not only the role played by 
each plant species in the creation of productive 
waterfowl habitat but also the environmental require­
ments that must be met to encourage or inhibit its 
development= At present we have only fragmentary 
knowledge of tho nature of the environmental factors 
which control the distribution of wetland plants or 
the manner in which these factors function and inter­
act through the physiological, reproductive and 
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structural capabilities of each species. The point 
has been reached, I believe, where we must begin 
undertaking detailed ecological studies of indi­
vidual wetland plant species in the same manner as 
has been done with wildlife species. 
Lathwell et al. (1969) point out the lack of a scientific 
basis for present manipulations. 
The sense of urgency to manage wetlands for waterfowl 
production added to the other pressures for the modifica­
tion of wetlands only increase the sense of urgency for the 
documentation and preservation of representative wetlands 
as living museums, as objects for future study, and as norms 
by which to jij.dg© management techniques. We presently need a 
better understanding of the relationships which affect the 
dynamics of emergent vegetation. The objectives of this 
To document existing vegetation in well defined 
study areas» 
To investigate possible correlations between 
vegetational patterns and local environmental 
gradients in these study areas. 
To document differences in phenology, habitat 
requirements, vigor and biomass production for 
dominant species in an attempt to understand 
competitive relationships. 
To attempt to predict effects of management 
techniques on vegetation. 
To ascertain the suitability of native marsh 
species for the stabilization of mudflats 
of fluctuating level reservoirs. 
1 = 




MATERIALS AND METHODS 
Study Area Description 
Big Wall Lake, the site of present studies, occupies 
portions of Sections 2,3,10,11,14 and 15 of T-90N, R-24W, 
Wright County, Iowa. The state-owned property presently 
consists of the 905 acres of meandered lake plus 7 3 acres 
of adjacent land. The original government survey estimated 
the meandered lake at 986.85 acres (Martin, 1901). Although 
much of the present 73 acres of adjacent land has at one time 
or another been in private ownership, the 905 acres of lake 
have remained property of the state since 1846, when statehood 
was attained. However, Martin (1903) records the leasing of 
the lake bed during the severe drought of 1901 to a Mr. E. S. 
Frank for the balance of the year beginning June 20 for the 
CÎ "F K ^  OO ^ «C T ^ ^ 
— f V W w ^  s..  ^ Ai v*. 
the influence, if any, his activities had on the vegeta­
tion and sediments cannot be ascertained. The report of the 
State Highway Commission (1916) and present investigations 
give no indication that the effects were severe. Observa-
1 tions by Henry Meyers (Personal communication)", who has 
lived his entire 73 years in the area, support this viewpoint. 
•"Henry Meyers, Clarion, Iowa. 1971. Historical notes. 
Personal interview. 
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The extreme northeast portion of the lake was grazed 
prior to 1946, during which time it was in private owner­
ship. In 1946 this area, consisting of 34.24 acres, was 
purchased by the Iowa Conservation Commission and henceforth 
protected from livestock grazing. The grazing effect in 
this area is evident in Figure 1. This effect can be seen 
more recently in photographs (Figures 2,3,4) by the amount 
of open water in this shallow area. 
Further evidence that the present condition of Big 
Wall Lake reflects little human modification is its simi­
larity to Mcbride's (19OS) description of Little Wall Lake 
as quoted in the introduction. Big Wall still closely fits 
an earlier brief description by White (1870b) who describes 
it as "so full of rushes in summer that little water can be 
seen." Mcbride (1909) wrote of Big Wall Lake that "wild rice 
arid buliusli StE:êï« to ciiiive froiis side to side." A description 
by the State Highway Commission (1916) is similar. 
The depth of Big Wall Lake today is similar to that 
reported in 1916 (State Highway Commission, 1916); however, 
there have been periods of extreme drought when there was no 
standing water. The State Highway Commission (1916) reports 
such droughts as having occurred in 1894 and 1901. Errington 
(1963) records it as being dry in 1934, 1936, 1937, 1940, 1941 
and nearly dry in late 1953 and again in 1955, 1956 and 1957. 
Aerial photographs by the USDA, 1959 and 1965, (Figures 3 and 
4) show little visible water. Water depths near 5 feet are 
Figure 1. Aerial photograph of Big Wall Lake, 10 July 1938 
(from the National Archives and Records Service, 
Cartographic Branch, GSA, Washington, D.C., the 
left edge of the photograph faces north) 
Figure 2. USDA aerial photograph of Big Wall Lake, 6 July 
1953 (the left edge of the photograph faces north) 
Figure 3, USDA aerial photograph of Big Wall Lake, 28 July 
1958 (the left edge of the photograph faces north) 
vW 
Figure 4. UsuA aerial photograph of Big Wall Lakc^ 8 July# 




reported (State Highway Commission, 1916) for the southern 
end of the lake. Errington (196 3) speaks of over 500 acres 
of open water in 1948. Present investigations indicate up to 
1.5 meters of water in the southern part and up to 1 meter of 
water in deeper areas in the northeast and northwest sectors. 
Open water at present covers close to one half the lake bed 
(Figure 5). 
Human disturbances to the lake have occurred along the 
southeast shoreline where a number of cottages have been 
present for at least the past 55 years. Although daring 
high water years fishing has been good (State Highway Com­
mission, 1916) , apparently duck hunting is the favorite human 
use. The rocks which once lined the shores (White, 1868), 
giving the lake its name, have long since been removed 
(Mcbride, 1909). 
Geologically, Big Wall Lake is relatively young as are 
its counterparts in the Gary Lobe of the Wisconsin Drift. 
Dating of this drift by Ruhe (1969) places the age of this 
deposition in Iowa between 14,000 years B.P. for the 
southernmost moraine, the Bemis, and 13,000 B.P. for the 
northernmost moraine- the Algona= The Altamont moraine ? 
behind which Big Wall lies, probably dates slightly older than 
13,500 B.P. The only information available on sedimentation 
in Big Wall Lake is the brief statement by State Highway 
Commission (1916), "the bottom of the lake is a thick sheet 
of silt and decaying vegetable matter which overlies the 
Figure 5. Sketch of Big Wall Lake showing open water and 
emergent vegetation in 1972 
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glacial drift." The watershed is small and water levels are 
probably to a great extent dependent on ground water supplies 
as are those of other prairie potholes (Sloan, 1970). Water 
levels during 1970 and 1971 were not sufficiently high to 
overflow its outlet. Evidence of this having occurred 
during recent years seems to be absent; however, white (1870a) 
suggests that during high water years it did overflow its out­
let. He describes it as a large pothole. 
Under the classification system of Martin et al. (1953) 
Big Wall Lake is best classified as an inland deep fresh marsh 
with some open water present during most years. Using the 
classification system of Stewart and Kantrud (1971) / based on 
the present vegetation. Big Wall Lake falls into Class IV -
semipermanent ponds and lakes. Subclass B - slightly brackish, 
cover type 2, with the deep marsh zone occupying much of the 
lake- A area of the opeïï water phase occurs near the 
south end (Figure 5). The largest areas of shallow marsh lie 
in the extreme northern portion where significant areas of 
wet-meadow and wet-low-prairie also occur. The three primary 
dominants listed for the deep marsh zone: Typha X glauca^ 
Scirpus acutus and Scirpus fluviatilis are also primary domi­
nants of this zone at Big Wall. Phragmites communis, not 
listed by Stewart and Kantrud? is a fourth primary dominant 
here. Zone names as presently used follow Stewart and 
Kantrud (1971). 
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Two areas were selected for intensive study. One area 
approximately 200 m x 500 m, located in the extreme northwest 
portion of the lake, is indicated in Figure 6 as the 
Northwest Study Area. Its southern boundary runs due east 
from the north edge of the northwest access road right-of-way. 
The other area of intensive investigations, lying approxi­
mately 300 m northwest of the northeast access, is designated 
as Northeast Study Area in Figure 6. Other areas have received 
only periodic observation with photographic documentation of 
obvious changes such as muskrat (Ondatra z. zibethicus) 
disturbance and a proliferation of wild rice (Zizania aquatica) 
in the open water phase during the 1971 growing season. 
Vegetation Studies 
The Northwest Study Area was mapped during late December 
197G <2iid early January 1571 by means of an alidade, plane 
table, and stadia rod employing techniques described by Low 
(1952). Permanent transects were established in both study 
areas in late July 1970. One long transect was established in 
the Northwest Study Area beginning at a point in the fenceline 
on the western boundary of the property 152.75 meters north 
of the north edge of the access road right-of-way or 96.65 
meters south of the corner post to the north. This transect 
is marked by a steel post driven into the ground to a height 
of 88 cm. Nails (level with the top of the post) have been 
Figure 6» Sketch of the north end of Big Wall Lake showing the study areas 
transect locations 








Access Road Access Road 
Scale: , 200 m . Above water level 
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driven into the boxelder (Acer negundo) which lies 34.9 meters 
north of this reference post and into the west trunk of the 
multiple-trunked boxelder 29 meters to the south. The east 
end of this transect is represented by a small, 3 meters tall, 
bur oak (Quercus macrocarpa) on the west edge of the large 
wooded island. This transect passes seven meters to the 
north of the large multiple-trunked willow (Salix nigra) 
near the island. Steel posts were driven in at 20 meter 
intervals and nylon sash cord, marked at one meter inter­
vals,- was strung the length of the transect. Each mstsr along 
this transect was numbered consecutively from west to east for 
a total of 485 meters with meter number 1 adjacent to the west 
fenceline. 
Three short permanent transects were established in 
the Northeast Study Area running from the southern edge of 
the peninsula into the marsh. These were located so that the 
east one, a 65-meter transect, passes through the center of a 
Scirpus acutus stand. The center 50-meter transect passes 
through a Sparganium eurycarpum stand. The west 55-meter 
transect passes through a Phragmites communis stand and ends 
in an area of muskrat disturbance where the sparse remaining 
vegetation is predominantly Scirpus validus. Each end of these 
transects is marked by a steel stake except for the north end 
of the east one which ends at a large multiple-trunked willow. 
Each transect was delineated with nylon sash cord marked 
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at one meter intervals. Each meter of each transect was 
numbered consecutively with meter numbers beginning at the 
shoreline. If projected onto the peninsula, all three 
transects converge at a point 43.7 meters west of the large 
willow on the south-central portion of the peninsula and 69.5 
meters southeast of the fartherest west large willow on the 
northwest shoreline of the peninsula. When projected out from 
this point, the east transect runs 15 degrees east of south, 
the center transect runs 20 degrees west of south, and the 
west transect 40 degrees west of south. 
Various unmarked transects have also been utilized to 
characterize stands which lie along or adjacent to the per­
manent transects. These lie at recorded angles to the per­
manent transects. Two of these, which were included in all 
studies/ were laid out in the Northeast Study Area. Each 
begins at meter number 27 of the center transect- One runs 
ESE for 78 m at an angle 117 degrees east of north. It crosses 
the east transect at meter 43. The other runs NW for 43 
meters at an angle of 53 degrees west of north and crosses 
the west transect at meter 21, 
Canopy coverage estimates and density counts were taken 
during August, 1970 and 1971. These estimates were intended 
to document the vigor of existing vegetation as well as give 
some indication of the effects of existing water levels on the 
success of individual species. The coverage classes of 
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Daubenmire (196 8) were employed for canopy coverage estimates: 
Coverage Class Range of Coverage(%) Midpoint of Range 
1 0-5 2.5 
2 5-25 15.0 
3 25-50 37.5 
4 50-75 62.5 
5 75-95 85.0 
6 35-100 97.5 
Coverage estimates were made for each consecutive meter 
of all permanent transects and the two previously defined 
transects in the Northeast Study Area. Coverage was deter­
mined separately for each species overlapping a plot re­
gardless of whether the individuals were rooted in the plot. 
Density counts were made for dominants in selected stands. 
These were taken in equally spaced meter square plots along a 
transect as it crossed the stand so as to give a minimum of 
10 counts within the stand. Such transects were so located as 
to pass through stand centers. Clusters of leaves were 
counted for Typha and Sparganium and individual culms for 
grasses# sedges and rushes. Counts were also made of the 
number of fruiting stems or culms in each of these plots. 
Since data were taken after the first week of August, all 
species were fruiting or had fruited. Counts were made on 
identical plots during both growing seasons. 
Nomenclature for sedges follows Giily (1946); grasses 
follow Pohl (1966), Polygonum follows Mitchell (1971), Typha 
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follows Smith (1967). Other species follow Gleason and 
Cronquist (1963). Authorities and common names for emergent 
hydric species are included in Table D-1. 
Edaphotope Studies 
Bottom sediments were sampled at 5-meter intervals 
along the permanent transects using a 91.44 cm (36 inch) 
hand soil probe with a core diameter of 1.9 cm (0.75 
inches). Textural class groupings were made on the basis 
of field determinations in accord with USDA (Soil Survey 
Staff, 1951) definitions. 
Water depths were recorded for 10 August 1970 at the 
same 5-meter intervals. Water depth was defined as the 
depth to firm bottom sediments. Thus semi-suspended 
organic ooze and loose muck overlying the firm peat would 
be included in the water depth. Firm muck held togetlier 
by the root mass was considered as a firm bottom sediment. 
Water levels were recorded from August 1970 to April 1972 
by measurements from the top of several transect posts down 
to water level. These posts were checked for elevation 
changes each spring using the post in the west fenceline 
and the nails in the trees as references. All readings 
are relative to ground level at the base of the steel post 
in the west fenceline at the end of the northwest transect. 
Readings were taken at irregular intervals except during 
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the 1971 growing season when they were recorded biweekly. 
Samples for water chemistry analyses were collected 
from the root zones of selected single-dominant stands. 
Cole (1932) used glass cylinders to collect water samples 
from a pond bottom for oxygen analysis. These cylinders 
were 25.40 cm (10 inches) by 4.45 cm (1-3/4 inches) in 
diameter with alundum cones fitted on the bottom and a 
long narrow glass tube fitted in a rubber stopper on top. 
Paraffin oil was used to prevent gas exchange. Rutter and 
Webster (1962) used 88 cc porous cups with 7-10 micron 
pores for collecting water from water-logged soils. These 
were fitted with 2 capillary tubes so water could be 
forced out of the larger tube by applying air pressure to 
the smaller. These devices were filled with distilled 
water, stoppered, and allowed to equilibrate at least 15 
days, Khalid (1969) used a similar device employing a 
Perspex cylinder and medicinal paraffin. 
Present samples were collected by means of specially 
designed traps consisting of 12.1 cm (4-3/4 inches) 
diameter, closed plexiglass cylinders fitted with 123 x 
15.9 mm (1/16 inch) linear polyethylene discs (45 micron 
pore size) from Scientific Products, Moline, Illinois. 
Approximate capacity was 1200 ml. Each cylinder was fitted 
with a countersunk glass bead at the base of a short rigid 
outlet tube to act as a one-way valve. Polyethylene tubing 
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was attached for filling glassware with the water sample 
for analysis. It was necessary to equip each cylinder 
with a small rubber stopper near the base to act as an air 
port when removing the sample. A diagram of this device 
is presented in îigure 7. These water collecting devices 
were positioned in the bottom sediments at a depth where 
the porous bottom was approximately at the zone of maximum 
root density. At this depth the top of the cylinder was 
no longer visible due to the concentration of semi-sus­
pended organic particles and loose organic sediments above 
them. Thus they were excluded from light except for that 
which entered by way of the outlet tube or very small 
amounts which filtered down through the sediments. 
Water samples were collected from ten single-dominant 
stands, five in the Northeast Study Area dominated by Scirpus 
acutus, S. fluvialitis, S. validus, Sparganiun eurycarpum 
and Typha X glauca and five in the Northwest Study Area, 
dominated by Carex lacustris, Phragmites communis, Scirpus 
fluviatilis/ Sparganiun eurycarpum and Typha X glauca» 
Water samples were collected at 2-week intervals 
during the growing season (27 April 1971 - 9 November 1971) 
âiid îr.oi«wm.y in'csorvsxs uiiuXJ. A j_y /^ ax 
which it was no longer possible to collect samples because 
O"F f "I" 4-+• T /^ rv +• Viio 1 «ottoT f 
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i'igure 7. sketch or plexiglass device used for collecting 
water from root zone areas 
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down to the top of most traps and about 1/3 the depth of 
the cylinder in the Scirpus acutus and the Typha X glauca 
stands in the Northeast Study Area. The two samples taken 
21 February 1972 in stands of Sparganium eurycarpum and 
Carex lacustris, were secured by chopping holes through the 
ice to the proper depth and collecting the samples directly 
in polyethylene bottles. In early March it was no longer 
possible to collect samples since there was water above 
the ice as well as frost in the upper layers of the sedi­
ments. During early April, ice still occurred near the 
bottom and frost still occurred in upper sediments. 
Field analyses for dissolved 0x3,;gen ^ carbon dioxide 
and hydrogen sulfide were performed according to procedures 
described in the Engineer's Laboratory Methods Manual 7th 
Ed,, Hach Chemical Company, Ames, Iowa. Polyethylene 
bottles were filled from the remainder of the sample and 
transported back to Ames for analysis. Hydrogen-ion concen­
tration was determined by means of a Beckman Model 77 pH 
meter. Analyses for phenolphthalein and total alkalinity, 
chloride, copper, total and calcium hardness, iron, 
nitrates, nitrites, ammonium nitrogen, orthophosphates 
and sulfates were carried out according to Hach Chemical 
Catalog No. 10, Water and Wastewater Analysis Procedure» 
The mercuric nitrate method was used for chloride, the 
ManVer test for hardness, and the StannaVer Method for 
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orthophosphates. These methods are adaptations of methods 
approved by the American Public Health Association (1971). 
Total alkalinity and pH were run immediately upon arrival 
at the laboratory with other tests following. 
Climatological data were procurred from the United 
States Department of Commerce ; Environmental Data Service. 
Annual Summaries of 1930-1970 and Monthly Summaries for 
January 1971 - April 1972 were used. 
Temperature and precipitation data are from 2 
stations. Clarion, 7 miles north and 4 miles west of Big 
W3II Lulce, and Webster Cxty, 9 mzles south ând 7 mxlss 
west of Big Wall. Solar radiation data are from Ames, 41 
miles due south of Big Wall Lake. 
Biomass, Energy and Nutrient 
Studies 
Ssïnples of living hioïîtass were Laker: 4 Lisies ovsr a 
period of 1 year beginning in April 1971 and ending April 
1972. These were taken from six stands having the following 
single-dominants: Carex lacustris, Phragmites communis, 
Scirpus acutus, Scirpus fluviatilis, Sparganium eurycarpum 
and Typha X glauca. Samples were taken to estimate stored 
energy; (1) prior to spring emergence, (2) at peak standing 
crop for each species, (3) at the onset of winter dormancy 
and again (4) just prior to spring emergence the second year. 
The samples taken during the growing season were of both 
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the emergent and the submerged organs. Dates individual 
species were sampled for peak standing crop differ ac­
cording to the phenology of each species, but in each case 
these samples were taken after fruiting but prior to seed 
dispersal. 
Each stand was sampled according to a predetermined 
systematic sampling pattern. Six 40 by 50 cm samples, 
located on concentric circles, were taken from each stand 
at each sampling time. The first samples were taken on a 
4-meter diameter inner circle with its focus at the estimated 
center of each stand. The next two samples were taken 
on an 8-meter diameter intermediate circle 112 degrees in 
either direction from the first sample. The last three 
samples were taken on the perimeter of a 12-meter diameter 
outer circle. The first of these was 180 degrees from the 
first sample and the other two 120 degrees on either side. 
Greig-Smith (1964) points out the importance of adopting a 
pattern which will give uniform representation over the 
area. Since all stands sampled, except Scirpus fluviatilis, 
were more or less circular and suspected of being clonal, 
it was felt such a pattern was appropriate. 
Although methods for determining the optimum number 
of samples are suggested by Milner and Hughes (1968), it 
did not seem practicable to do so during the present studies. 
Stand size did not allow for a much greater number of samples 
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unless they were taken closer together. Ten samples per 
stand were taken by Lathwell et al. (1969) while only three 
were taken by Boyd and Hess (1970). It appeared wise to 
keep samples at least 2 meters apart to avoid any influence 
one sampling might have on subsequent samples due to the 
extensive nature of the rhizomes. Also, it was felt 
that one should avoid walking across a future sampling site. 
Although larger stands occurred elsewhere, it seemed im­
portant for competitive interpretations to sample stands 
from approximately the same depth water and in the same 
area, 
Biomass samples of submerged organs were secured by 
using a metal frame, 40 x 50 cm inside dimensions, and a 
serrate hay knife. The sample of submerged organs was iso­
lated with the hay knife which easily sliced through the 
peaty sî-ibstrst-e - The orgsr.s we~e then resmoved by hand to 
a depth where no more living rhizomes or tubers occurred. 
This was generally 20-25 cm into the substrate. With two 
species, Phraqmites communis and Scirpus acutus, it was 
evident that this method missed a significant portion of the 
fibrous roots; however, it was not practical to attempt to 
include these because of the depth to which they penetrate. 
Haslam (1971) reports Phraqmites communis roots penetrating 
to depths of over 2 m. In fact it would seem almost im­
possible to remove roots by hand from this depth in April 
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because of extreme discomfort when working in over 2 feet 
of icy water. 
Living emergent organs were present only at the time 
of sampling for peak standing crop. They were collected 
from each 40 x 50 cm plot prior to sampling for submerged 
organs. The lower portions of shoots and leaves which 
remained attached to rhizomes and roots were separated 
and placed with the proper sample after they were taken 
back to the laboratory. 
Methods of sampling were, in general, after techniques 
set forth by Milner and Hughes (1968). All samples were 
placed in plastic bags which were in turn placed inside 
burlap sacks for transportation. This afforded not only the 
advantage of easy transport to shore because of bouyaney 
of the closed plastic bags? but the wet burlap provided 
satisfactory insulation for good preservation of the samples. 
Submerged organs were washed in running water to free 
them from attached peat. While it was impossible to pre­
serve all small fibrous roots at the same time removing 
the pieces of old stems and peat through which they often 
penetrated, an attempt was made to standardize procedures 
so results would be comparable» Dead parts were trimmed off 
prior to drying. 
All plant parts were separated by species and placed in 
paper bags for oven drying at 100 C (Golley, 1969). They 
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were dried to constant weight (24-48 hours) and weighed to 
the nearest gram on a top-loading Mettler balance. Model 
P-10. Samples were ground with a Wiley Mill, Model 11, 
equipped with a 0.5 mm mesh screen (Kucera, Dahlman and 
Koelling, 1967). Three suhsamples of approximately 1 
gram each were used for calorimetric determinations. In 
order to assure representative subsamples, the ground 
material was mixed before the first subsample was taken 
to overcome sorting which occurs as materials fall from 
the grinder into the bag. Mixing was again carried out 
before each of the remaining two subsamples was taken= 
Subsamples were pelleted using a Parr pellet press Model 211 
with a 1/2 inch diameter punch and die. Pellets were oven-
dried at 100 Cf and cooled in a desiccator for weighing. 
Calorific values were determined with a Parr Bomb 
Adiabatic Calorimeter, series 1200, equipped with a single 
valve oxygen bomb, series 1900. Techniques used are found 
in Parr Manual No, 130, Oxygen Bomb Calorimetry and Com­
bustion Methods ; Parr Instrument Company, 1968. 
Ash contents were determined by ashing in a Thermoclvne 
muffle furnace equipped with a Dubuque II Solid State Con­
troller . Two 5-gram subsamples, taken by the method 
described for calorimetric determinations, were used. 
Samples were combusted at 500 C as suggested by Pains (1971) 
and supported by Reiners and Reiners (1972). Ash content of 
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lake bottom sediments was determined by the same procedures. 
Chemical analysis of plant materials was performed by the 
Soil and Plant Analysis Laboratory, Soils Department, Uni­
versity of Wisconsin. All elements except N were analyzed 
simultaneously with an emission spectrophotometer, Model 
66-000 Harrell-Ash 1.5 meter Compact Atomcounter coupled 
with the Jarrell-Ash Model 66-502 Spectrochemical Computer. 
Total N was determined by the micro-Kjeldahl method. 
Statistical Procedures 
Frequencies for hydric species were calculated based on 
the total number (695) of hydric plots sampled. Mean 
coverage class values, based on coverage class midpoints, 
were calculated for hydric species. Only plots m which a 
species occurred were used to calculate its mean coverage. 
Indices of similarity are discussed by Bray and Curtis 
(1957). They felt that the best approximation to a linear 
measure of relationship available at that time was 
C = recent applications of this index are discussed 
by Swan et al. (1969). Swan (1970) suggests zero value 
adjustments but fails to give practical methods of applying 
these to natural data. 
Application of Q-analysis to a matrix of quadrat 
species data has been shown to display groups of correlated 
species (Williams and Lambert, 1961). Goodall (1970) and 
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Williams (1971) review principles of clustering. In the 
present study, a matrix of similarity indices was con­
structed using C = letting w represent the number of 
plots in which both species A and B were present, a repre­
sent plots in which species A was present, and b represent 
plots in which species B was present. Values for C were 
then converted to distance-type measures using an arccosine 
transformation. A clustering method developed by McCammon 
and Wenninger (1970) was used to construct a dendrograph. 
This method uses unweighted pairs in grouping objects. 
Details of the method of ordering the objects to form the 
dendrograph are described by McCammon (1968). 
Multiple factor analysis has frequently been used to 
determine environmental gradients responsible for observed 
variation in vegetation (Walker and Wehrhahn, 1971). 
Sokal and Sneath (1963) review early development of its 
usage. Whittaker (1967) concludes that factor analysis 
is most applicable where ranges of environmental variables 
are restricted. A principle components type factor analysis 
wââ run using the 1970 coverage class data for the 28 most 
abundant hydric species. 
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RESULTS 
General Observations on 
Vegetation 
A large scale map of the Northwest Study Area is pre­
sented in Figure 8. The mosaic pattern of the vegetation 
is prominent. The large number of single-dominant stands 
which are more or less circular in outline are thought to be 
clonal• 
Figures 9 and 10/ oblique photographs taken 4 September 
1970, include the Northwest Study Area and the Northeast 
Study Area, respectively. Phragmites communis appears as 
light colored circular patches whereas other species have 
darker shades and different textures. Several decomposing 
muskrat houses are visible in Figure 10. Aerial photographs 
such as these were used to record major changes in the 
emergent vegetation during 1970 and 1971. 
Olson (1964) found that many, but not all, stands of 
marsh vegetation could be identified from stereo pairs 
taken at maximum development of the vegetation. Little 
difference was found in interpretability between the four 
types of film used. Ulliman (1970) also emphasized the 
value of aerial photographs in mapping vegetation. 
Oblique photographs taken during present studies were 
useful in identifying dominant species but distortion pre­
vented accurate mapping of vegetation over the entire area. 
Photographs were taken using Panatomic-X, Kodachrome II 
Figure S. Large scale map of dominant vegetation in the 
Northwest Study Area 
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VEGETATIONAL PATTERN IN BIG WAL 















LEGEND: STAND DOMINANTS 
Cc = Calamcgrostis canadensis 
Ca = Corex atherodes 
Clacc Corex lacustris 
CI = Co rex lasiocarpa 
Pc - Phragmites communis 
Su = Scirpus aculus 
Sf = Scirpus fluviatilis 
Se = Sparganium eurycarpum 
Ts = Typha spp. 
WOODY SPECIES 
An z Acer negundo 
Mi = Malus ioensis 
Pd = Populus deltoïdes 
Pv = Prunus virgiona 
So z Salix amygdaloides 
5c = Saiiibucus cunuo'ciisis 
MISCELLANEOUS 
D = Dirt pile 
* = Muskrat house 
JS = Tree or shrub 
ËW:f| Water 
Hrairie and/or 
I V-l disturbance vegetation 
Onk woods 
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Figure 9. Oblique aerial photograph of the Northwest Study 
Area, 4 September 1970 (View is from east to 
west. The northwest transect is visible as the 
oblique line running across the center of the 
photograph. The northwest access road is 
visible in the upper righthand corner) 
Figure 10. Oblique aerial photograph of the Northeast Study 
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•= \vj-cw -is uw 
north. Ths ssst transect xn this area xs vxsxble 
as a short oblique line in the center of the 
photograph. It originates in the border of 
trees on the edge of the small peninsula and 
runs into the marsh. The light colored stand 
just south of the end of the peninsula is the 
stand of Phragmites congnunig through which the 
west transect xs narely visible. The center 
transect passes through the darker Sparganium 




and Aeroektachrome films by Kodak. Spring and fall photo­
graphs were helpful in identifying species because of indi­
vidual phenological patterns. Carices and wet meadow 
species are distinguished by their bright red color in late 
April photographs using Aeroektachrome. Spring photographs 
in black and white show different shades and textures for 
standing litter of most species. Fall photographs in Koda-
chrome II are useful for distinguishing the brownish color 
of Scirpus spp. from those species which remain green until 
frost. Oblique photographs aide in differentiating Typha 
from Sparqaniura where a low oblique view of fruiting 
structures of the former is helpful. 
One of the obvious vegetational changes from 1970 to 
1971 was the effect of rauskxàt disturbance as documented 
in Figure 11, This photograph taken 3 June l§7l covers 
approximately the same area as Figure 10= A large area of 
almost solid vegetation on 4 September 1970 was converted 
to an area of sparse vegetation and open water by the action 
of muskrats. Continuous action by muskrats kept this area 
open during the 1971 growing season, enlarging it further 
by late fall. The open water area north of the peninsula 
was considerably enlarged during this time. There was also 
considerable activity to the southwest of the northeast 
access road. Similar activity occurred in the Northwest 
Study Area as indicated in Figure 8. 
Figure 11. Oblique aerial photograph of the Northeast Study Area 3 June,. 1971 
showing muskrat activity (Note the houses visible in the 1971 photo-
g.raph. View is from south to north) 
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Muskrat activity was common throughout areas of 
standing water in emergent vegetation in the western part 
of the lake. The only muskrat activity visible at the 
beginning of the study during July 1970 was in the south­
west open water zone. Activity was first obvious in 
deepest areas of emergent vegetation during September 1970; 
however, there were old decaying houses in the study areas 
prior to this indicating activity in these areas the 
previous year. Muskrat disturbance increased throughout 
1971 and was common in both study areas in April 1972, 
suggesting a population rise typical of Iowa marshes 
(Srrington, 1963)= 
The occurrence of a proliferation of wild rice (Zizania 
aquatiça) in the east-southeast portion of the lake during 
the 1971 growing season is located in Figure 5. A sparse 
population was visible in the same area during the IS70 
growing season. In much of this area the water was be­
tween 50 and 100 cm in depth. General observations indi­
cate this was an area of recent vegetative die-off. The 
1965 USDÀ aerial photograph (Figure 4) shows emergent 
vegetation in this area with small elongate patches of 
open water possibly indicating that the vegetation was 
breaking up due to increasing water depths. Other evidence 
of recent die-off in this area was a lack of submerged 
macrophytes and an abundance of loose sediments which con­
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tained large pieces of undecayed plant parts. In June 1971 
pieces of Phragmites stems and leaves as well as decaying 
Scirpus fluviatilis tubers could be seen lying on the un-
vegetated bottom of the relatively clear water, 50-80 cm 
deep, in the northern part of the area colonized by the 
wild rice. McDonald (1955) also associates wild rice with 
areas of recent die-off. 
Areas to the south and east supported an abundance of 
Ceratophyllum sp., Myriophyllum sp., and Pôtamogeton spp. 
In these areas the water appeared to be more consistently 
about 1 m deep» Wild rice occurred as scattered plants in 
these areas and throughout much of the open water to the 
south and west where depths ranged from just under 1 m to 
approximately 1.5 m during August 1971. 
Transect Studies 
Species which occur along the permanent transects can 
be separated into two general groups. Those which occur 
primarily in standing water or on water-logged soils and 
those which occur in better drained or mesic sites. In the 
Northwest Study Area, Calamagrostis canadensis generally 
occupies the transition zone between these two areas 
(Figure S). According to Stewart and Kantrud (1972) 
Calamagrostis inexpansa occupies the peripheral wet meadow 
zone (lying between the shallow-marsh zone and the wet-low-
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prairie zone) of deep, slightly brackish, semi-permanent 
lakes. For fresh water marshes (specific conductance of 
less than 500 micromhos per cm at 25 C) they depict Cala-
magrostis canadensis as being more abundant than C. inexpansa 
in this zone. Jeglum (1971) lists Calamagrostis canadensis 
as common where depth to water is from 0-80 cm over a wide 
pH range. In Big Wall Lake, Calamagrostis canadensis 
dominates all 4 areas where the northwest transect cuts 
across the present shorelines. 
Table 1 lists those species which are most abundant 
in areas more mesic than those occupied by Calamagrostis 
canadensis. Woody species have been excluded. In the 
Northeast Study Area, where willows, (Salix spp.), shade this 
zone,- Urtica dioica is the herbaceous dominant. In this 
area Calamagrostis is much less common, occurring primarily 
where the willows are absent. The Carex zone which 
frequently occurs just inside the Calamagrostis zone is 
present and can be used to identify the outer perimeter of 
the shallow-marsh zone. 
Table 2 includes a list of species which are common in 
zones more hydric than the Calamagrostis zone. Calamagrostis 
•2-"= inciUGsa since it cices thin out into the shallow marsh 
zone and also occurs where the vegetative mat is floating. 
 ^ CJ 1 Q ta a 1 C* "l v» 1 r# 4 4 4-  ^ n f»# 4 4 ^ 4 __ V UO. a. Ai O 0.^ 110. i. J. ~ 
cant quantities in both habitats. A total of 695 plots was 
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Table 1. Mesic species which occur along permanent transects 
Ambrosia trifida L. 
Asclepias syriaca L. 
Aster simplex Willd. 
Calamagrostis canadensis (Michx.) Beauv. 
Cirsium arvense (L.) Scop. 
Cirsium altissimum (L.) Spreng. 
Convolvulus sepium L. 
Cryptotaenia canadensis (L.) D.C. 
Elymus canadensis L. 
Galium sp. L. 
Geum canadense Jacq. 
Hackelia virginiana (L.) Johnst. 
Helianthus annuus L. 
Helianthus grosseserratus Martens 
Mentha arvensis L. 
Mimulus ringens L. 
Podophyllurn peltatum L = 
Scrophularia marilandica L» 
Silphium perfoliatum L. 
Solidago canadensis L. 
Solidago gigantea Ait, 
Stachys palustris L. 
Urtica dioica L. 
Verbena hastata L. 
Viola papilionacea Pursh. 
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Table 2. Average percent emergent coverage (in plots where 
present) and frequencies for hydric species^ 
c. . Average % Coverage Frequency (%) 
1970 1971 1970 1971 
Tall emergent dominants 
Scirpus fluviatilis 36.9 32.2 85 86 
Typha X glauca 50.8 48.6 29 30 
Carex atherodes 67.4 71.2 17 17 
Sparganium eurycarpum 53.3 50.3 20 20 
Scirpus acutus 45.2 41.7 15 17 
Typha latifolia 29.2 29.1 18 18 
Phragmites communis 44.2 63.0 8 14 
Carex lasiocarpa 70.2 48.5 2 2 
Carex lacustris 24.8 37.4 3 4 
Scirpus validus 34.2 10.4 2 2 
u Subordinate species 
Sagittaria spp. 47.S 41.4 oo / u 
Drepanocladus sp. 41.5 48.7 65 67 
Spirodela polyrhiza 22.0 25.1 76 88 
Polygonum amphibiura 27.1 27.2 38 38 
Lycopus asper 36.2 7.9 7 4 
Scutellaria galericulata 3.5 3.7 57 37 
Alisma Plantago-aquatica 14.4 3.7 12 7 
Calamagrostis canadensis 22.4 27.9 7 7 
Rumex orbiculatus 7.9 13.9 10 10 
Lysimachia thyrsiflora 12.3 13.4 6 9 
Bidens cernua 5.1 3.2 14 17 
Eleocharis sp. 3.7 12.3 1 2 
Impatiens biflora 11.3 7.0 4 A 
Leersia oryzoides 9.5 16.7 5 14 
Teucrium canadense 5.7 4.8 8 6 
Lycopus americanus 13.3 6.9 3 3 
Polygonum punctatum 3.2 2.5 7 <.5 
Mentha arvensis 5.7 3.3 3 2 
Sium suave 3.6 2.5 3 2 
Asclepias incarnata 4.6 5.4 1 2 
Polygonum lapathifolium 37.5 0.0 <•5 0 
Bidens frondosa 2.5 0.0 1 0 
Glyceria grandis 2.5 7.7 <•5 <.5 
C.fiirov r>r\mr\ o a n n 7.7 g <» 5 V e V 
^Based on a total of 635 plots. 
Includes both Sagittaria latifolia and Sagittaria 
cuneata. 
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included in the summary data presented in Table 2. These 
plots are as follows: plots 16-363 and 413-471 along the 
northwest transect, plots 2-55 from the east transect in 
the Northeast Study Area, 2-50 from the middle transect and 
2-65 from the west transect in that area. The two short 
carefully defined but unmarked transects (previously 
described) in the northeast area were included. Average 
percent coverage for each species is based on the plots 
in which that species occurred. This contributes to an 
estimation of the influence each species exerts when it is 
present. Frequencies are based on the total 695 hydric plots 
previously described. Average percent coverages for the 
total number of plots are not presented. Since transects 
were laid out so as to pass through selected vegetational 
complexes such values would not be particularly informative. 
fisfTT •{-•S-av'-; a , . Srs-i a v^ rvl n 
sp. are listed as subordinate species in Table 2 even though 
they had high average percent coverages and frequencies. 
This is because they make up only a small percentage of the 
total biomasse 
Curtis and Mcintosh (1951) gave equal weight to basal 
area, density, and frequency in evaluating the importance 
of forest species. Daubenmire (1968) states that coverage 
is a measure of dominance. One might view coverage as a 
combined measure of the two-dimensional area occupied by 
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individual plants and their density in small plots. Fre­
quency provides a measure of uniformity of distribution. 
However, Daubenmire (196 8) points out that productivity (as 
measured by biomass) may give quite different results from 
coverage and be a more reliable measure of dominance. 
Submerged aquatics have been omitted due to difficulty 
in rating underwater coverages in the dense shade of 
emergent vegetation. In general, they were sparse with 
Ceratophyllum dimersum occurring only in areas opened by 
muskrats and Lemma trisulca and Riccia fluitans occurring 
in less densely shaded areas where there was free water 
above the vegetative mat. 
Drepanocladus sp. was included because of its abundance 
both above and below the water surface. It is especially 
abundant in stands dominated by Scirpus fluviatilis where 
it forms dense mats near the water surface. Spirodela 
jjolyrliiaa was obvious and cover class estimates easily made. 
These two species are abundant enough to influence physical 
and chemical aspects of the water environment and thus the 
establishment of seedlings. 
Stand densities for dominant species are listed in 
Table 3 for both the 1970 and 1971 growing seasons. Density 
counts were taken in mid to late August each year, All 
densities are an average of at least 10 counts from meter 
square plots except for Calamagrostis canadensis where 0.5 m 
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Table 3. Density comparisons for dominants of single 
dominant stands 
Species 
Average number of culms or leaf 
clusters/mr 
August 1970 August 1971 
Total Fruiting Total Fruiting 
Northeast Study Area 
Carex atherodes 103. 2 27.4 95.8 4.0 
Phragitiites communis 31. 7 1.3 49.8 6.2 
Scirpus acutus 90. 7 44.5 90.6 46.7 
Scirpus fluviatilis 40. 3 3.5 36.3 7.7 
Sparganium eurycarpum 87. 4 10.1 67.4 0.5 
Typha X glauca 41. 9 12.3 55.9 5.0 
Northwest Study Area 
Calaniagrostis canadensis 559 .2 1, 6 t i ^  JA 9 6 
Phragmites communis I 29 .9 14. 1 23.8 14.6 
Phragmite-s oommunls II 29 = 6 10 = 3 58 = 5 21 = 0 
Phragmites communis III 49 .6 40. 4 25.2 20.6 
Scirpus fluviatilis 33 . 6 6 e 4 43.1 9.8 
Sparganium eurycarpum 43 = 8 1. 4 41 = 9 0 = 5 
Typha X glauca 23 .4 10. 4 28.8 7.1 
square plots were used because of very high densities. Plots 
were equally spaced along a transect across each stand passing 
through the center of the stand. In Scirpus fluviatilis, 
however, due to the extensive distribution of this species-
density counts were made along the permanent transects 
well within stand boundaries. Along the NW transect, 28 
50 
plots were averaged for Scirpus fluviatilis. Twelve plots 
were averaged from the west transect in the northeast study 
area. In averaging density counts, 10 plots from within 
each stand were averaged first. Additional plots were 
added in either direction until two consecutive plots fell 
more than 10% below the mean and no more plots exceeded 
the mean. Because most stands had well defined stand 
boundaries this proved to be a satisfactory delineation. 
These criteria were applied to the 1970 data, and identical 
plots wsre recounted and averaged in 1371. 
The Carex atherodes stand which was sampled occupies 
the shallow marsh zone in the Northeast Study Area. This 
area was devoid of standing water during the last half of 
the growing season each year. Counts were taken along the 
east transect from meters 6-24. The Phragmites communis 
stand in this area lies immediately heyo^ d the Çarex zone 
and was also above water level during August each year. 
Density counts were averaged from both the west transect 
and the unmarked transect which crosses it at meter number 
23= The Scirpus acutus, Typha X glauca and Sparganium 
eurycarpum stands in this area were in about 10-30 cm of 
water with the vegetative mat being exposed in some places. 
Counts in the Scirpus acutus stand were made along the east 
transect from meters 40-52 and along the transect which 
crossed at meter 46. Counts in the Typha X glauca stand 
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were along this transect starting 7 m east of meter 27 on 
the center transect and running east for 17 m. Counts of 
Sparganium eurycarpum were taken from the center transect 
(meters 23-33) and the above transects which cross it at 
meter 27. 
The Scirpus fluviatilis stand in this area was in 
slightly deeper (up to 40 cm) water with the vegetative 
mat floating in most places. Counts were from meters 
27-47 along the west transect. 
Three stands along the northwest transect occur in 
water approximately the same depth. Counts in Scirpus 
fluviatilis were taken from meters 71-98 along the transect. 
Sparganium eurycarpum counts were along an unmarked 
transect running due south from meter 195 of the permanent 
transect. Phragmites communis I counts were along an un-
ïûarked transect running diie r.orth fros ïiieter 20S. ™ater 
depth in the Sparganium eurycarpum stand was about 60 cm. 
The other two stands averaged approximately 50 cm. The 
Typha X glauca counts were from meters 317-338 along the 
permanent transect. There was little or no standing water 
present here. The Calamagrostis canadensis stand was above 
normal water level at the west end of the transect. 
The other two stands, Phragmites communis II and 
Phragmites communis III occurred outside of the mapped area. 
These stands were of interest because of the light fruiting 
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of stand II during 1970 and a very heavy fruiting in stand 
III. These stands were located adjacent to the west shore­
line about 25 m and 80 m south of the northwest access 
road, respectively. They occupied the shallow marsh zone 
with little or no standing water present in August. Thus 
their position was similar to the stand in the North­
east Study Area. 
A dendrograph showing groupings of the 28 most abundant 
hydric species, based on presence or absence in 1970 in the 
total 776 mesic to hydric plots, is presented in Figure 12. 
Both dimensions must be considered as expressing similarity 
(proportional presence of species in mutual plots). Proximi 
of species on the dendrograph indicates similarity of 
occurrence. The horizontal scale is adjusted to the width 
of the computer printout. The vertical scale is adjusted 
to an arbitrary length designated by the programmer. Few 
species groupings are evident. 
The results of a multiple factor analysis, using 1970 
coverage values for the same 28 species and all 776 plots 
are presented in Table 4. Only loadings of the first five 
factors and the amount of variance accounted for by each is 
presented. Only a small amount of variance is accounted 
for by each factor, amd no species has more than one value 
greater than 0.5 or less than -0.5. Statistical signifi­
cance cannot be assigned these values; however, if only 
Dsndrograph of species associations based 
an index of similarity matrix (The 28 most 































Table 4. Loadings for the first five factors of the 
rotated factor matrix and the total amount of 
variance accounted for by each factor 
Species^  Factors (multiplied by 10"2) F-1 F-2 F-3 F-4 F-5 
Scirpus fluviatilis -2 8 64* 22 -17 -15 
Spirodela polyrhiza -25 21 34 01 17 
Sagittaria spp. -27 61* 15 16 12 
Drep ano c1adus spp. -23 67* -12 16 -13 
Scutellaria galericulata - 2 31 16 - 0 -16 
Typha X glauca -25 8 -30 49 - 4 
Polygonum amphibium -12 -13 - 8 -67* 28 
Bidens cernua -10 29 12 20 - 2 
Typha latifolia 
- 8 8 - 2 -74* -16 
Sparganium eurycarpum -2 3 -53* 28 26 —11 
Scirpus acutus - 4 - 0 - 1 - 2 - 7 
Phragmites communis - 3 2 - 4 - 0 81* 
Rumex orbiculatus -11 - 5 - 9 -13 - 8 
Alisrna Plantago-aquatica 1 19 44 — 6 - 3 
Leersia oryzoides 6 11 75* 1 — 1 
Si tar. suave 4 - 4 4 -10 - 0 
Eleocharis sp. - 8 -12 59* 4 - 4 
Carex lasiocarpa - 5 - 4 - 1 - 3 83* 
Scirpus validus - 5 6 -10 10 -11 
Polygonum punctatum 8 - 2 6 - 2 0 
Carex atherodes -11 -50* - 8 —23 -11 
Lysimachia thrysiflora - 7 -20 - 9 - 4 - 2 
Lycopus asper 3 - 1 -10 6 - 4 
Carex lacustris 2 7 1 9 2 
Lycopus americanus 34 - 1 19 16 4 
•Teucrium canadense 68* 
-11 9 4 — 6 
Impatiens biflora 77* 13 - 7 6 - 1 
Calamagrostis canadensis 69* 3 - 9 - 2 - 2 
% of total variance 
accounted for by factor 12.32 12.57 9.48 9.18 9.43 
"^ Species listed in order in which they occurred on the 
dsndrograph = 
* 
Considered significant; however, the level of statisti­
cal significance cannot be assigned. 
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those values greater than 0.5 or less than -0.5 are used, 
following interpretations can be made. Factor 1 indicates 
shoreline (wet meadow) position. All three species with 
high positive values are associated with wet meadow 
zones which are, in fact, dominated by Calamagrostis 
canadensis as previously observed. 
The second factor (F-2) suggests the influence of the 
floating mat along the northwest transect and the west 
transect in the Northeast Study Area. It is possible that 
factor F-3 indicates a type of disturbance gradient since 
the three species having loadings with high positive values 
are typical on or near decaying muskrat houses. Similarity of 
other values supports this interpretation. No interpretation 
can be made for factor F-4. Factor F-5 correlates with 
the Phragmites stand which is bordered by Carex lasiocarpa. 
Each factor probably represents a rar'n^r IncRl 
phenomenon rather than a sustained gradient. 
Sdaphotope Studies 
Sediment classification along the northwest transect 
based on data collected 13 August 1970 is presented in 
Figure 13 along with a basin profile. Distribution of 
dominant species along this transect is presented graph­
ically below the sediment profile for visual correlation 
purposes. The vegetative mat was floating only in the 
Figure 13= Lake basin profile along the northwest transect 
showing bottom sediments and corresponding 
distribution of dominant species 
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region dominated by Scirpus fluviatilis or co-dominated 
by S. fluviatilis and Typha latifolia, Sparganium eury-
carpum or Carex lacustris. The last two species also form 
floating mats where they occur as single dominants. The 
only other species encountered which frequently formed a 
floating mat in deeper water was Carex atherodes. 
The greatest thickness of the peat layer along the 
northwest transect was measured at 1.65 m about 200 m from 
the west end of the transect. Most samples of peat from 
deeper areas were firm and brown, They appeared to consist 
primarily of sedges although no laboratory analysis of 
plant constitutents was made. The muck and mucky peat 
of the shallower areas contained the root zone and were 
indistinguishable from the vegetative mat. 
Peat samples from ten selected stands (those from 
which water campXss vsra collected) were analyzed for ash 
content upon combustion at 500 C. Results are presented 
in Table 5. Samples from the Northwest Study Area showed 
little difference between the upper 25 cm and the next 
25 cm. Only in Phraqmites communis was the second 25 cm 
substantially higher in ash content. In the Northeast 
Study Area ash content averaged 57.9% for the upper 25 cm 
samples and 74% for the samples from the next 25 cm. This 
difference between the upper 25 cm and the next 25 cm 
of substrate reflects the shallowness of the peat layer in 
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Table 5. Loss of weight by upper sediments from single 
dominant stands upon combustion at 500 C ex­
pressed as a percentage of original oven-dry 
weight 
Dominant species Depth 0-25 cm 25-50 cm 
Scirpus acutus 
Northeast Study Area 
60.1 16.1 
Scirpus fluviatilis 29.4 21.0 
Scirpus validus 60.1 47.1 
Sparganium eurycarpum 32.5 14.4 
Typha X glauca 48.3 31.4 
Carex lacustris 
Northwest Studv Area 
65.3 70.1 
Phragmites communis 73.5 41.4 
Scirpus fluviatilis 57.6 54.6 
Sparganium eurycarpum 59.1 58.3 
Typha X glauca 64.8 71.3 
this area. 
The two areas of very thin vegei 
of recent muskrat disturbance. Depth to firm bottom 
sediments was near 50 cm for a considerable distance along 
the transect; General observations throughout the niarsh 
indicate that this water depth is coïTiïrion throughout the 
northern half of the marsh. 
Sediments along the northeast permanent transects 
follow much the same pattern as those along the northwest 
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transect from meter 16 through meter 70 with the greatest 
thickness of peat (approximately 85 cm) near the ends 
of the transects. 
Water levels from 3 August 1970 through 30 April 
1972 are presented in Figure 14. Dates of sampling are 
indicated by points. The base of the post at the west 
end of the northwest transect was used as an arbitrary 
reference datum for all readings. Levels fluctuated 
approximately 50 cm during 1971. 
Rainfall data for 1930-1971 for 2 stations (Clarion 
and Webster City) in the vicinity of Big Wall Lake are 
presented in Table A-1. Big Wall Lake lies adjacent to 
the 30-inch per year isohyet (on the 29-inch side) as 
drawn by Shaw and Waite (1964). Deviations from normal 
are averages for the two stations using 30 inches as mean 
normal precipitation over the entire period-
Deviations from normal rainfall help explain the 
varying extent of emergent vegetation as depicted in 
Figures 1 through 5. The five years prior to 1939 totaled 
9.78 inches below normal. The year 1938 was 7.24 inches 
above normal but 1939 was 9.90 inches below normal. The 
five years prior to 1953 totaled 0.14 inches below normal. 
The years 1952 and 1953 were each between 4 and 5 inches 
below normal. The five years prior to 1959 totaled 12.68 
inches below normal with 1958 being 6.92 inches below 
Figure 14. Water level fluctuations in Big Wall Lake, 3 August 197 0 through 
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normal and 1969 approximately normal. The five years 
preceding 1965 totaled 8.61 inches below normal. The 
years 1966-1970 totaled 1.71 inches above normal; however, 
1968 and 1969 totaled 13.73 inches above normal and 1970, 
1.24 inches below normal. Monthly precipitation and average 
temperatures are presented for January 1970 through April 
1972. Deviations from normal were only available for 
Webster City. August of 1971 was extremely dry (over 2.80 
inches below normal) but yearly rainfall was only 0.7 5 
inches below normal. Heavy rains in October and November 
helped offset previous deficits. Temperatures during 
August averaged 2.4 degrees below normal. Water levels 
during this period fell rapidly. 
The nearest station at which solar radiation is re­
corded is Ames, Iowa, 41 miles due south of Big Wall Lake, 
Data for this station in 1971 were supplied by Mr. Paul 
Waite, Climatologist smd Director of the Iowa Weather 
Service» Data for the growing season months are included 
in Table A-3. 
Water Chemistry 
Water chemistry of root zone samples from each stand 
is presented in Figures S""l through B^ ll. Mean water 
temperatures are given to the nearest degree in Table B-1. 
Only in one instance did an individual sample differ by more 
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than 2 degrees from the mean. On 9 December 1971 the sample 
from Sparganium eurycarpum in the Northwest Study Area was 
4 C, three degrees above the mean. All samples were taken 
between 8:00 A.M. and 10:30 A.M. 
Mean water chemistry values for each stand are pre­
sented in Figure 15 with each point representing 18+ 
sampling dates between 27 April 1971 and 21 February 1972. 
During July 1971, two water samples taken from the 
root zone on the Scirpus acutus stand were compared with 
two samples dipped near the surface in that stand. Results 
are presented in Table 6. Carbon-dioxide, total alkalinity, 
total and calcium hardness, iron, and ammonium nitrogen 
were in higher concentrations in the root zone. 
Bioitiass, Energy and Nutrient 
Studies 
2 Standing crop in g/m and corresponding calorimetric 
values for six single-dominant stands are presented in 
Table 7. Values are reported for four sampling dates over 
a period of one year. The Scirpus acutus stand is located 
along the east transect in the Northeast Study Area, the 
same stand from which density counts were taken. The Scirpus 
fluviatilis samples were taken just south of where density 
counts were taken along the northwest transect. The 
Sparganium eurycarpum and Phragmites communis stands are 
Figure 15» Mean water cheniistry values for individual 
stands from 27 April 1971 to 21 February 1972 
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MEAN WATER CHEMISTRY VALUES 
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Table 6. Comparison of the chemistry of water samples 
taken from the surface and the root zone of 
a Scirpus acutus stand during July 
Chemical parameter (mg/l) surface ^ Root Surface ^ Icot 
Zone Zone 
Hydrogen sulfide 0.0 0.0 0.0 0.0 
Dissolved oxygen 3.8 3.8 1.8 0.4 
Carbon-dioxide 40 84 40 200 
Total alkalinity (CaCO^ ) 98 210 144 316 
Phenolphthalein alkalinity 0 0 0 0 
Chloride 1.5 1.5 1.0 1. 0 
Copper 0.0 0.0 0.1 0,1 
Total Hardness 126 260 210 366 
Calcium Hardness 94 110 124 230 
Iron 0.1 0.5 0.1 1.6 
iUrsTiOnium Nitrogen 0.0 0.1 0.9 1.6 
pH value^  6.6 6.5 6.5 6.4 
Orthophosphates 0.05 0.10 4.60 1.50 
"Expressed as hydrogen ion concentration not mg/l. 
Table 7. Standing crop in grams and kilocalories per sq. . meter of emergent 
macrophytes for selected îsteinds in Big Wall Lake, Wright County, 
Iowa 
Spring 1971 Summer 1971 Fall 1971 Spring 1972 
Stand dominant Submerged Submerged Emergent Submerged Submerged 
organs organs organs organs 
In grams per sîqu.are meter 
Carex lacustris 907 825 545 1172 721 
Phragmitas communis 1121 1565 1110 1148 1221 
Scirpus acutas 1208 1460 951 1870 1544 
Scirpus fluviatilis 1254 1383 450 1410 1424 
Sparganium eurycarpum 1335 1945 7 70 1638 1252 
Typha X glauca 1167 1302 1549 1450 1446 
In kilocalories per square meter 
Carex lacustris 4039 3730 2431 5211 3226 
Phragmites communi s 5072 6968 4962 5147 5420 
Scirpus acutus 535 8 6417 4142 8133 6694 
Scirpus fluviatilis 5706 6325 1989 63 89 6360 
Sparganium eurycaz-pum 5793 8504 3333 7184 5385 
Typha X glauca 4827 5367 6907 5965 5934 
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those adjacent to the northwest transect where density 
counts were taken. The Carex lacustris stand lies just 
south of the Sparganium stand, and the Typha X glauca 
stand lies just northwest of the Phragmites stand. These 
are the same stands from which water samples were taken 
for chemical analysis. 
The Carex lacustris stand suffered muskrat damage 
beginning in late fall of 1971 with continuing severity 
into the spring of 1972. This may account for the low 
standing crop of submerged organs at that time ^ 
Sampling dates for individual stands and the distri­
bution of biomass and stored energy among the species 
within each stand are presented in Tables C-1 through C-6. 
Energy values for roots and storage organs for each 
species at each sampling period are listed in Table 8. 
Similar values for shoots are shown in Table 9. 
Of the dominant species, Scirpus fluviatilis had the 
greatest percentage of its biomass (80%) occurring in 
submerged organs at estimated peak standing crop. Typha 
X glauca produced the greatest mass of shoots in total 
weight and as a percentage of submerged organs. Biomass 
of submerged organs was high for all stands. The Carex 
stand averaged the lowest at 906 g/m". The Sparganium 
stand averaged the highest at 1543 g/m^ . 
By comparing values for stand dominants, one can get 
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Table 8. Energy values for roots and storage organs 
of emergent macrophytes from Big Wall Lake 
Cal/g and % ash and Cal/g 
Species Date S.E. of S.E. of ash 



































































































































































Based on three subsamples. 
Based on two subsamples. 
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Table 9. Energy values for shoots of emergent macrophytes 
and a moss from Big Wall Lake 
Cal/g and % ash and Cal/g 
Species Date S.E. of S.E. of, ash 
collected the mean^  the mean free 
Carex 7-24 -71 4474+6 6. 12+0. 01 4767 
lacustris 
Drepanocladus 4-(17-22) -71 4158+6 13. 86+0. 08 4827 
sp. 7-(19-30) -71 4254+16 11. 29+0. 20 4796 
11-(11-22) -71 4233+10 12. 02+0. 04 4811 
4-(16-24) -72 4272+8 10. 73+0. 01 4786 
Lysimachia 7-19 -71 4403+10 4. 90+0, 03 4630 
thyrsiflora 
Phragmites 9-11 -71 4517+14 5. 35+0. 02 4772 
communis 
Polygonum 7-(19-30) -71 4303+4 10. 66+0. 10 4817 
amphibium 
Sagittaria 7-(19-30) -71 4266+2 12. 78+0. 01 4891 
spp. 
Scirpus 7-19 -71 4354+^ 6 8. 17+0. 01 4742 
acutus 
Scirpus 7-19 -71 4517+^ 6 6. 35+0. 03 4823 
fluviatilis 
Sparganium 9-16 -71 4324+^ ii 7. io+u. ul 4654 
eurycarpum 
Typha X 7-30 -71 4464+13 6. 13+4. 03 4756 
glauca 
Based On th^ ee subsaiuj^ les • 
Based on two subsamples. 
some indication of the competitiveness between species. 
Carex again had the lowest average of submerged biomass 
(614 g/m ) which was 68% of the total for that stand. Typha 
2 X glauca averaged 1311 g/m in submerged biomass for the 
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highest individual average or 98% of the total submerged 
biomass for that stand. Scirpus fluviatilis had an average 
2 
of 1294 g/m in submerged organs or 95% of the total for 
the stand; however, on the basis of stored energy, Typha 
2 X glauca averaged only 5391 kcal/m while Scirpus fluvialitis 
2 
averaged 5887 kcal/m . 
Typha X glauca had the lowest energy values per gram 
for submerged organs averaging 10.6% lower than Scirpus 
fluviatilis which had the highest. On an ash-free basis 
this difference was 6.2%. Differences in energy values 
for shoots of these species were not nearly as great. 
The highest, Phragmites communis and Scirpus fluviatilis, 
each with 4517 cal/g, and the lowest, Sparganium eurycarpum, 
with 4324 cal/g, differed by only 4.3%. On an ash free 
basis the highest, Scirpus fluviatilis with 4823 cal/g, 
and the lowest, Sparganium eurycarpum at 4654 cai/g, 
differed by 3.5%. 
Macronutrisnt analysis of plant materials, collected 
during 1971 for the above biomass studies, is shown in 
Table 10. Several patterns are worth noting. Both nitro­
gen and potassium are more abundant in roots and storage 
organs at the beginning and the end of the growing season than 
at estimated peak standing crop. Phosphorus shows no such 
pattern. The greater percentage of ash in Typha is reflected 
in the large amounts of calcium and magnesium present. 
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Table 10. Macronutrient content of plant tissues 
Macronutrients expressed as 
Tissue Date percentages of oven-dry weights 
N P K Ca Mg_ 
Carex lacustris 
Roots 4-22-71 1.46 0.240 1.32 0.236 0.126 
6-24-71 1.18 0.238 0.83 0.398 0.165 
11-22-71 1.38 0.226 1.14 0.282 0.138 




4-20-71 1.31 0.175 0.87 0.103 0.062 
9-11-71 1.05 0.139 0.69 0.111 0.068 
11-19-71 1.27 0.191 0.98 0.120 0.090 
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0.921 0.449 0.194 
0.725 0.591 0.220 
0.943 0.558 0.205 







Typha X glauca 
1=49 0=353 1=53 0=495 0=236 
0.76 0.308 1.26 0.848 0.347 
1.19 0.279 1.33 0.550 0.250 
0.98 0.149 1.52 0.820 0.207 
Includes storage organs. 
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Scirpus fluviatilis is considerably lower than other species 
in nitrogen and potassium content in submerged organs; 
however, considering the ratio of submerged biomass to 
shoot biomass it had the greatest amount available per gram 
of shoot produced. Phragmites communis had the lowest 
nutrient content in shoots. 
Micronutrient analysis of these samples is presented 
in Table 11. Aluminum, boron, iron and zinc are all much 
more abundant in roots and storage organs than in shoots. 
The opposite is true for manganese. Sodium and copper show 
no consistent pattern. 
Salisbury and Ro^ s (1969) report concentrations of es­
sential nutrients which are considered adequate for normal 
growth. A comparison of these with concentrations presently 
found in shoots is given in Table 12. Nitrogen, boron and 
zinc were always present in concentrations below those con­
sidered adequate. Manganese and aluminum were present 
in greater amounts than considered adequate. Concentrations 
of other elements varied widely. 
2 Rates of nutrient uptake and loss on a g/m basis for 
sevéral ejiîêrgsnts v/erè Investigated by Boyd (1969, 1970a, 
i970b). Present investigations (Table 13) show less than 50% 
increase in total nitrogen,- phosphorus and potassium content 
on a grams per square meter basis for Carex lacustris, 
Scirpus fluviatilis and Sparqanium eurycarpum between April 
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Table 11. Micronutrient content of plant tissues 
Mxcronutrients expressed as ppm of 
Tissue Date oven-dry weights 
SI B Cu Fe Mn Na Zn 
Carex ; lacustris 
Roots^  4 -22 -71 276 19.0 9.0 2330 184 260 29. 2 
6 -24--71 582 19.0 19.4 2030 139 440 40. 3 
11 -22 -71 303 15.9 16.6 1910 138 340 33. 8 
Tops 6 -24 -71 124 3.3 12.1 241 207 100 16. 7 




658 120 530 35. 9 
9 -11 -71 221 4.0 21.7 605 121 530 35. 9 
11 -19 -71 244 7.7 20.2 671 133 680 40. 8 
Tops 9 -11 -71 114 5.9 15.4 2X2 124 210 16. 6 
Roots^  
S ci r DUS acut-ns 
4 -17 — 71 315 19.3 9.8 £.X£,KJ 373 1290 29. 2 
7 -19 -71 178 15.2 29.7 1590 377 1770 52. 0 
11 -11 -71 258 13.8 19.3 1470 364 1390 33. 2 
Tops 7 -19 -71 50 5.6 25.4 122 800 1380 12. 1 
Roots^  4 -17 -71 275 
Scirpus fluviatilis 
14.9 44.6 1660 121 410 33. 7 
7 -19 -71 139 10.7 33.4 1310 110 660 26. 8 
11 -16 -71 198 11.9 44.3 1420 113 540 34. 5 
Tops 7 -19 -71 58 5.3 17.7 130 465 610 16. 2 
Sparganium , eurycarpura 
Roots" 4 -22 -71 393 42.6 15.7 >2500 252 570 45. 9 
9 -16 -71 288 37.1 13.8 >2500 250 810 42. 0 
11 -22 -71 258 38.9 14.4 >2500 260 730 40, 1 
Tops 9 -16 -71 117 15.3 2.1 457 620 520 14. 2 
Roots^  4 -20 -71 315 
Typha X gl 
19.5 7.3 
auca 
1850 153 1420 41. 2 
7 -30 —71 178 26.7 J.3.3 2460 171 3020 60. 2 
11 -19 -71 258 17.4 13.1 1590 132 1810 43. 9 
Tops 7 —30 -71 40 4.7 1.9 68 249 820 9. 1 
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Table 12. Concentrations of essential elements in shoots 
of emergent helophytes compared with concentra­
tions considered to be adequate^ 
Considered 
Element Range present adequate 
(ppm) (ppm) 
Nitrogen 8 ,500-13,300 15 ,000 
Potassium 5 ,300-16,100 10 ,000 
Calcium 1 ,780-8,200 5 ,000 
Magnesium 750-2,700 2 ,000 
Phosphorus 980-2 ,170 2 ,000 
Iron 68-457 100 
Manganese 124^800 50 
Boron 3.3-15.3 20 
Zinc 9-17 20 
Copper 2-25 6 
Aluminum 40—124 3^ 
^Salisbury and Ross (1969) 
^May not be required. 
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Table 13. Comparison of accumulations of macronutrients 
on a grams per square meter basis for six ^ 
emergent dominants at three sampling times 
sampling dates P Macronutrients 
Carex lacustris 
2-22-71 9.68 1.59 STTS I.56 0.84 
6-24-71 12.50 1.81 12.25 3.17 1.24 
11-22-71 11.56 1.89 9.55 2.36 1.16 
Phragmites communis 
4-20-71 8.00 1.0/ 5.31 0.63 0.38 
9-11-71 20.02 2.52 12.90 2.90 1.47 
11-19-71 11.02 1.66 8.51 1.04 0.78 
Scirpus acutus 
4-17-71 6.67 1.68 8.29 0.99 0.61 
7-19-71 12.56 3.01 19.30 4.00 1.43 
10.66 2.48 13.74 1.93 1.11 
Scirpus fluviatilis 
4-20-71 8.92 2.73 4.75 3.54 1.10 
7-19-71 11.74 3.56 7.18 4.46 1.70 
11-16-71 10.04 3.08 5.22 3.29 1.14 
Sparganium eurycarpum 
Qc b OA ^ 1 n. 4-22-71 14.05 3. 9 5 8 . 2 4 4 1 Ô 2  1 . 7 4  
9=16=71 14,47 4.56 13.76 15,00 3.99 
11-22-71 10.13 3.59 8.17 4.83 1.78 
Typha X glauca 
.89^  4-20-71 16.42 3 8916.865.45 2.60 
7-30-71 24,60 6.17 30.92 31.25 8.52 
11-19-71 17.14 4.02 19.15 7.92 3.60 
^Center date for each species represents estimated 
peak standing crop. 
79 
and estimated peak standing crop for each species. Other 
species, Phragmites communis, Scirpus acutus and Typha X 
glauca nearly doubled their content of these nutrients 
between corresponding samplings. Nutrient levels in November 
were similar to April levels with most changes proportional 
to changes in biomass. 
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DISCUSSION AND CONCLUSIONS 
An understanding of sedimentation and its effects on 
succession is important to the understanding of marsh 
vegetation dynamics. Evidences of filling in of Big Wall 
Lake are the deep peat and muck layers found in present 
studies. Daubenmire (1968) says that "Geologically, lakes 
are short lived as a result of filling in with debris... 
combined with downward erosion of the outlet," 
Pollen profiles by Walker and Brush (1963) and 
Durkee (1971) demonstrate a substantial amount of filling 
during the last 13,000 years in bogs (term as used in­
cludes marshes) on the Des Moines Lobe of the Wisconsin 
Glacier. Walker and Brush (1963) found similar patterns in 
eleven bogs from the Bemis and Altamont moraines of the Des 
rloines Lobe, one bog was located in Hancock county, 
immediately north of Wright County, and 6 were located in 
Hamilton County immediately to the south. All showed 
stratigraphie patterns consisting of 2-4 feet of surface 
peat underlain by approximately 6 feet (up to 15) of silt 
loam followed by a second peat layer up to 6 feet thick. 
Below this is a second layer of silt loam overlying Cary 
Till. They suggest a probable accumulation period for the 
upper two layers (approximately 9 feet) of 8,100 years, but 
are unable to define the period of transition between these 
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two layers. Diatom profiles by Collins (1968) and Hunger-
ford (1972) do not conflict with these findings. Walker 
(1966) states that the upper layer probably accumulated 
in approximately 3,000 years. 
Rates of peat accumulation have been estimated by 
Curtis (1959) as one foot per 100-800 years and by Vogel 
(1969) as one foot per 20-800 years in Wisconsin. Leisman 
(1957) documents accumulations of as much as 1.4 cm per 
year in central Minnesota, Beyer (1908) suggests rates 
of as much as one foot per 1,200 years in Iowa. This 
corresponds well with data of Walker (1966). Heinselman 
(1970) points out that as peat accumulates it is possible 
for ground water levels to rise thus inhibiting succession 
toward a terrestrial community. 
Vogel (1969) suggests that fires during dry years 
may actually turn back succession in marshes. He writes, 
"marshlands may have existed from one to several thousand 
years... The stability of this stage is considered to have 
been produced and maintained by oscillating water levels 
and periodic fires." Thomas (1965) discusses various 
factors that lead to the subsidence of peat. In view of 
such evidence, Wsller and Spatcher (1965) question the 
utility of the concept of the marsh as a serai stage leading 
toward a more mesic community especially from a management 
standpoint. 
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No deep sediment profiles have been taken at Big 
Wall Lake. Present investigations, including a review 
of recent history, would tend to support a slow rate of 
succession. Lack of evidence of changes over the last 
120 years supports an interpretation of the layers of 
muck and mucky peat overlying the coarser brown peat 
stratum as a result of periodic droughts combined with 
animal activity during wetter periods. Both of these 
phenomena lead to a greater rate of decomposition in recent 
peat accumulations (Psnfound and Schneidau. 1945). White 
(1S5S) emphasizes the action of ice in deepening shallow 
lake basins. Present observations indicate that while 
ice action does occur in areas of open water no such 
action occurs in areas of dense emergent vegetation. Steel 
posts set along the permanent transects showed no lateral 
shifting over two winters. The dense vegetation and 
porous nature of the ice seem to prevent lateral shifting 
of any consequence. 
Considerable amounts of bottom sediments were stirred 
up in areas where muskrat disturbance occurred during 
present studies. These sediments floated to the surface 
where decomposition occurred. Areas of muskrat disturbance 
have nuïTierous channels in the upper layers of psat (Lynch 
et al., 1947 and Errington, 1961). This activity reduces 
the average thickness of the peat layer. Muskrat activity 
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is most common in emergent vegetation during wet years. 
During dry years rapid oxidation of the peat occurs (Phillips, 
1970). Thus it appears that both wet and dry years are 
effective in increasing decomposition and decreasing the 
rate of filling thereby extending what must be considered 
a serai stage. 
It is important that we understand the role of both 
successional trends and disruptive forces if we are to 
understand the dynamics of the emergent vegetation of 
this extended serai stage. Pattern in existing vegetation 
is often more obvious than are the driving forces which 
gave rise to and maintain it. Relating of vegetational 
pattern to succession merits due caution. Daubenmire 
{1968} warns that the mere juxtaposition of communities 
along a gradient is not necessarily an indication of 
successional relationships. 
The establishment of pattern is dependent upon the 
establishment of individual species. The establishment 
of various emer^'ent marsh uonixnants has received varying 
amounts of attention. 
The establishment of Typha seedlings has been the ob­
ject of numerous investigations which often lacked uni­
formity in results. Optimum germination and growth of Typha 
was found on soils flooded with one inch of water (Bedish, 
1967), on wet soil in the greenhouse and wet filter paper 
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in the laboratory (Smith, 1967), in reflooded shallow basins 
following cultivation (Millar, 1969), on moist, bare soil 
above water level (Kadlec, 1962) and on coarse sedi­
ments (Harris and Marshall, 1963). Existence of a light 
requirement (McNaughton, 1966) and lack of a vernalization 
requirement (Sifton, 1959) have been established. Increased 
germination with scarification is reported by Yeo (1964) 
for Typha latifolia. Good viability for Typha X glauca is 
reported by Smith (1967). Viability up to five years is 
reported by Martin (1953). 
During present investigations I observed Typha seedlings 
growing on floating organic materials stirred up from the 
peat layer of an established Typha stand by the activity 
of muskrats. However, these seedlings did not survive 
the winter due to their late germination in August and 
September and continued disturbance in the area. Seedlings 
have also been observed on decaying muskrat houses. Lynch 
et al. (1947) also report seedlings on "flotage" lifted 
from marsh bottoms by gases in areas of muskrat disturbance. 
McNaughton (1968) has, however, found evidence of auto-
toxins in laboratory experiments. 
Germination of other marsh dominants has received 
less attention. The ability of Phragmites communis seeds 
to germinate on exposed mud (Harris and Marshall, 1963, and 
Steenis et al., 1951) and in vials of water (Harris and 
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Marshall, 1960) is documented. Sparganium eurycarpum and 
Scirpus validus seedlings are reported on exposed mud 
(Kadlec, 1962) and in standing water (Harris and Marshall, 
1963, and Linde, 1969). Scirpus acutus and Scirpus 
fluviatilis seedlings are reported on exposed mud by 
Bedish (1964). 
Muenscher (1936) and Isley (1944) investigated the 
difficulties involved in germinating Scirpus seeds in 
the laboratory. Isley (1944) suggests that after-ripening 
vernalization, light and high temperatures favor germina­
tion in some Scirpus species. 
Johnson et al. (1965) report very low germination 
for many species of Carex. They again list light as a 
requirement for germination. Long periods of cold in­
hibited germination in some species. Soil leachate and 
scarification increased germination. 
Preliminary trials with seed collected from Big Wall 
Lake have given the following results when 100 seeds of 
each species were incubated at 35 C in constant light 
in petri dishes of distilled water: 90% for Typha X 
glauca, 78% for Scirpus validus, 15% for S. acutus, 1% for 
S. fluviatilis, 0% for Sparganium eurycarpum and 1% for 
Carex atherodes. 
It appears that, even though laboratory germination is 
low, marsh emergents are well adapted to germinate during 
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periods of falling water levels which create shallow pools 
and exposed mud during warm seasons. Baskin and Baskin 
(1971) suggest a light requirement as adaptive in pre­
venting germination under conditions unsuitable for growth, 
such as in deep water and under dense vegetation. 
McNaughton (1968) suggests autotoxins prevent germination 
in dense stands. 
Harris and Marshall (1963) refer to a heavy layer of 
filamentous algae retarding seedling growth following draw­
down. The heavy layer of Drepanocladus sp., presently 
foiancl in Scirpus fluviatilis stands, where large quantities 
of light reach the water surface, may be important in pre­
venting invasion by seedlings. Also, the relatively cool 
temperature of the water in dense stands of emergent 
vegetation may inhibit growth of species requiring high 
temperatures for germination. Whether competition for 
nutrients by duckweeds, moss and floating species inhibits 
establishment of seedlings is not known. 
Once established, emergent dominants exhibit extensive 
vegetative growth, but fluctuating water levels, competi­
tion between species# changes in water chemistry, disssss 
and animal disturbance all threaten their persistence» 
The effect of water depth on individual species has 
been often studied. Hayden (1939, 1947, 1948) reports 
die-off of cattail, roundstem bulrush and reed during 
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high water levels. Both cattails and bulrush near shores 
were infested with insect borers in stems and rhizomes. 
Reeds were heavily aphid-infested. Rhizome rot in cattails 
was abundant. Die-off continued even in reduced water 
levels. McDonald (1955) reports vast die-offs involving 
Typha angustifolia, T. latifolia, Scirpus fluviatilis, S. 
acutus, £. validus, Carex stricta and Phraqmites communis. 
No insect pests or pathogens were involved. He concluded 
high water levels were the cause of these die-offs. He 
found that hxgh water xs particularly severe durxng wxnter 
because it cuts off aeration of rhizomes and roots through 
standing dead leaves and stems. Laing (1941) also found 
w jLii ucju dCJL uxudA. » 
It is well documented that marsh species are well 
equipped to and do in fact transport oxygen to the roots. 
Kayden (1919) describes abundant aerenchyma in Typha, 
Phragmites and Scirpus rhizomes and roots. Bergman (1920), 
Conway (1937, 1940), Gorham (1953), Williams and Barber 
(1961), Webster (1962), Armstrong (1964, 1967), Buttery 
and Lambert (1965) , Teal and Kanv/isher (1966) , Hook st al. 
(1971) all have recognized oxygen diffusion by way of 
aerenchyma as important to the survival of plants in water-
Icggsd soils. Buttery and Lambert (1965) found that oxygen 
concentrations never dropped below 16% in Phragmites 
rhizomes. Conway (1940) found if shoots were cut below 
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water level, Og concentrations in roots dropped and plants 
died. Williams and Barber (1961) found greater amounts 
of aerenchyma in roots grown in nitrogen atmosphere than 
roots grown in the presence of oxygen. Whether plants 
which become established on dry soil are thus less adapted 
to flooding than those germinated in water-logged soils is 
not known. The relationship of this to survival upon 
sudden flooding is important to water level manipulations. 
Crawford and Tyler (1969) give evidence supporting 
a metabolic explanation for survival at low oxygen levels 
in which malic acid is accumulated rather than ethanol. 
Hook et al. (1971) found evidence of both oxygen transport 
and tolerance of high levels of COg in swamp tupelo (Nyssa 
sylvatica var. biflora). 
McDonald (1955) lists maximum water depth for survival 
of Typha angustifolia as 3 feet, T. glauca as 2 feet, and 
T. latifolia as 1 foot. In these areas wild rice invaded 
following die-off. It was particularly abundant in areas 
of muck left by Typha die-off. Giltz and Myser (1954) 
attribute die-off of cattail to muskrat (Ondata z^. zibethica) 
and carp (Cyprinus carpio). 
Harris and Marshall (1963) , in attempts to get 
revegetation by drawdown, found that Scirpus validus died 
out within two years in water over 15 inches deep following 
reflooding. It did very poorly in any amount of standing 
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water. Typha latifolia was completely eliminated in stand­
ing water in 5 years. A hybrid Typha survived well for 
4 years in depths up to 24 inches. Carex atherodes was 
generally eliminated in water over 6 inches deep in 4 
years, Jervis (1969) lists Sparganium eurycarpum, Zizania 
aquatica, Scirpus validus and Typha spp. as occurring in 
open standing water. Lathwell et al. (1969) report 
Sparganium eurycarpum as surviving longer than either 
Scirpus acutus or Zizania aquatica in deep marshes (2-3 
feet). All three survived in shallower marshes (the 
shallowest used was 1 foot). Jeglum (1971) gives the 
following water depth preferences ; no standing water for Carex 
lasiocarpa, 19-0 cm; Sparganium eurycarpum, 1-19 cm; 
Carex atherodes, 20-39 cm; Phragmites communis, 40-59 cm; 
Scirpus acutus, 40-59 cm; and Typha latifolia 60 or more cm» 
Curtis (1959) lists Scirpus validus, Phragmites communis 
and Sparganium eurycarpum as preferring shallow water with 
Scirpus acutus, Typha angustifolia and Zizania aquatica 
more common in deeper water. Typha latifolia and Sagittaria 
latifolia were more common in intermediate depths. Scirpus 
acutus tolerates water to depths of 160 cm while Scirpus 
validus is limited to less than 65 ciu according to Dabbs 
(1970). Schoenoplectus acutus (^Scirpus acutus). was found 
in water up to 150 cm deep by Love and Love (1954) while 
Schoenoplectus validus (=Scirpus validus) and Typha latifolia 
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occupied shallower water. Phragmites communis was most 
abundant near shore and on moist soil. Carex atherodes 
occurred primarily above water levels. Sherff (1912) says 
Sparganium eurycarpum grows in deeper areas along with 
Typha latifolia, Scirpus validus and Scirpus fluviatilis. 
Phragmites communis was found only in very shallow areas. 
Walker and Coupland (1968) list Typha latifolia, Scirpus 
acutus and Scirpus validus as deep marsh species and 
Carex atherodes as a shallow marsh species. 
Other authors give chemical preferences in addition 
to water regime preferences. Stewart and Kantrud (1972) 
list Carex atherodes as being most characteristic of 
fresh to slightly brackish shallow marsh zones; however. 
Carex atherodes is listed as a wet meadow species of 
very eutrophic areas by Dix and Smeins (1967). Stewart 
and Kantrud (1972) found Sparganium eurycarpum,- Scirpus 
II iim w ••••Iffji I——1— «www. M i ipw 
fluviatilis, Typha X glauca and Scirpus validus most 
abundant in slightly brackish deep marsh zones, Scirpus 
acutus and Phragmites communis favored slightly brackish to 
moderately brackish deep marsh zones. Typha latifolia is 
ïïiost abundant in fresh to slightly brackish deep marsh 
zones, btswart and Kantrud (1971) define deep marsh zones 
as characteristically having standing water at all season»: 
In contrast with species water level preferences 
cited in the literature, in Big Wall Lake Carex atherodes, 
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C. lacustris, Phraqmites communis, S. acutus, S. fluviatilis, 
S. validus and T. X glauca all form single-dominant stands 
in deep marsh zones in the study areas. Typha latifolia 
occurs in this zone in mixed dominant stands. Carex 
lasiocarpa is sparse, occurring only as a fringe on one 
Phraqmites communis stand. Where the vegetative mat is 
floating, Leersia oryzoides and Calamagrostis canadensis 
may also invade the deep marsh zone. Sagittaria spp. 
(primarily S, latifolia) and Polygonum amphibium are the 
two main broad-leaved plants in the study areas. Both 
are widely distributed in shallow and deep marsh zones; 
however, P. amphibium is more abundant in shallower areas. 
Sagittaria occurs in all stands in both zones and had the 
highest coverage (30%) for the total area of any species. 
Two genera, Spirodela and Drepanocladus, were abundant 
ht tliG wsji.si auriace. 
Phraqmites communis was also common in shallow-dry 
areas? however, differences in growth habit occurred. In 
deeper water areas it had a very clumped distribution within 
the stand. Clumps were frequently 0.5 m in diameter with 
equal to greater interclump distance. In shallow water 
and areas of no standing water clumping was not nearly 
OS asvsre. A sxinxxar pattern was xound dv l/vkvjova \x97xai. 
Density counts during 1970 and 1971 indicate a substantial 
increase in culm density in two of the three shallow marsh 
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Phragmites stands. The third was severely foraged by 
muskrats (less than 12 culms remained in each of the outer 
5 plots) which appears to account for the decrease in 
density in this stand. The deep marsh stand had a severe 
infestation of aphids both seasons, and any changes are 
probably not attributable to water depth. Other stands 
in deeper marsh areas seemed to flourish. It was noted 
that where muskrats built houses in Phragmites stands, Typha 
frequently occurred. It appeared that rhizomes brought in 
by muskrats were able to survive and become established. 
Phragaiites rhizoisss wer© not found as a component of houses. 
This may be due to better anchorage by roots in the substrate. 
Seeds of Phragmites are also less abundant (Steenis, et al., 
1951} than other marsh dominants which may limit its es-
tablxshiii0îit during low wa'cer perxodSo 
Although Tvpha X glauca occurred in both shallow 
and deep marsh zones, its stands were noticeably denser in 
areas with continuous standing water, 
Scirpus fluviatilis, the most widely distributed 
species, occurred in both deep and shallow marsh zones 
^ m m J m  Im#» » A X> X» ^   ^m TA»  ^  ^
as a single-dominant; as a co-dominant and as a subordinate 
species. 
Typha latifolia was much more common as a co-dominant 
than as a single dominant. Carex atherodes, C. lacustris 
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and Sparganium eurycarpum were frequently intermixed with 
other dominants, especially in areas of muskrat disturbance. 
Conflicts both within the literature itself as to 
species preferences and between the literature and distri­
bution patterns at Big Wall Lake are best explained on the 
basis of interactions between: fluctuating water levels, 
water chemistry- ice and wave action, disease,- animal 
disturbance and other as yet uninvestigated factors which 
may differentially affect individual species with over­
lapping but not identical ecological amplitudes. 
Disturbance was found to be the most important factor 
influencing marsh species distribution in Saskatchewan 
wetlands (walker and wehrhahn, 1971) with nutrient status 
and water regime following in that order. Stewart and 
Kantrud (1972) also recognize disturbance as an important 
factor influencing distribution. The effects of natural 
disturbance on vegetation at Big Wall Lake are recorded 
by Errington (1963). 
Each of these factors not only influences vegetatxonal 
composition but is itself modified by vegetation (Harper, 
1961). Investigations of relationships between water 
parameters and vegetation at Big Wall Lake yielded some 
very interesting results. 
Studies of water chemistry in the open water area of Big 
Wall Lake were conducted by Bachmann (1965) and Hughes 
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(personal communication).^ Bachmann (1965) lists 7 chemical 
measurements for Big Wall Lake; specific conductance of 
314 mhos at 25 C, alkalinity of 156 ppm CaCOg, total hard­
ness of 146 ppm CaCOg, 37 ppm calcium, 13 ppm magnesium, 
3.8 ppm chloride and 5 ppm sulfate. Hughes (personal 
communication) found total hardness (CaCO^) ranged from 
132-150 ppm, chloride from 8.0-9.5 ppm and sulfate from 
6-12 ppm in two samples taken during July, 1971. 
Stewart and Kantrud (1972) list mean values for fresh 
water ponds and lakes as; 25 ppm Ca, 16 ppm Mg, 14 ppm 
Cl^ and 33 ppm sulfate. Using the data of Bach«iann (1965) 
and Hughes (1972) one would classify Big Wall Lake as a 
fresh water lake. 
In present studies water samples from root zones of 
emergent "vsgstation ranged from 80^323 ppm Ca, 17^81 ppm 
Mg, total hardness from 200-806 ppm (CaCOu), and chloride 
from 0.5-6.5 ppm. Sulfates were not sampled. Using a ratio 
Q T" e r%o f i /-to 4 %% 4 xv ïâîjai T T 
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Lake based on Bachmann's (1965) figures, the range of 
specific conductance in my study areas was from 300-1,400 
1 O HT ^  JU V* ^   ^ A "C ^  M T 4 Am T » # 1*» «M» «J ^ 
marshes (580—1,100 luhos) listed by Stewart and Kantrud 
1 
•^Margaret Hughes. Department of Botany and Plant 
Pathology, Iowa State University, Ames, Iowa. 1972. 
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(1972). Present calcium to magnesium ratios are more 
similar to those of Bachmann (1965) than those listed by 
Stewart and Kantrud (1972). The much greater concentra­
tion of these ions in my samples than those of Bachmann 
(1965) and Hughes (personal communication) is attributed 
to the samples being taken within the substrate beneath 
emergent vegetation. 
Comparisons between surface sample chemistry and 
samples from the root zone (Table 6) indicate a strong 
gradient. If one uses the surface samples for comparison 
with îTsans for surface samples given by Stewart and 
Kantrud (1972), Big Wall Lake lies closer to the means given 
^ «VMW-Wdb *A.w.a> .a. «a.a i. w ^  jr *^dkp ^ # 
concentrations of calcium, magnesium and chloride, but as 
noted previously, the present vegetation is more typical of 
slightly brackish areas. 
Comparison of data for surface samples (Table 6) with 
figures of Bachmann (1965) and Hughes (personal communica­
tion) shows similar concentrations of major ions but 
substantial differences in chloride concentrations. Surface 
sampj.es xrom j stands m tne Nortueast study Area, J.4r 
September, averaged 216 ppm hardness (CaCO^) with 57 ppm 
Ca and IS ppm Mg. Chloride averaged 2,5 ppm. Differences be­
tween samples were slight. Two surface samples from the 
Phragmites stand in the Northwest Study Area on 20 July and 
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3 August 1971 both had a total hardness of 200 ppiti (CaCO^) , 
with 48 ppm Ca, 24 ppm Mg, and 1.5 ppm CI. Hughes (1972) 
reports a range of 132-164 ppm hardness and 3.5-9.5 ppm 
CI during July-September 1971 for the open water area. 
These comparisons suggest that a gradient also exists 
from the open water zone into the zone of emergent vege­
tation during low water levels. 
Shjeflo (1968) studied évapotranspiration rates of 
prairie potholes with highly impermeable bottoms in North 
Dakota= Average évapotranspiration rates were about the 
same for clear and vegetated potholes averaging about 
2,1 feet per growing season. Sloan (1970) points out the 
importance of ground water inflow in the concentration of 
solids. He lists the concentration of dissolved solids in 
precipitation as 5 mg/1 and in seepage inflow in pothoieS 
of the Missouri Coteau in North Dakota as 500 mg/1. If 
water seeps from the marsh into ground water supplies during 
periods of high water as suggested by Sloan (1970) and 
Meyboom (1962) with the flow in the opposite direction 
during periods of low rainfall and rapid évapotranspiration 
one might expect the water in upper sediment layers to 
reflect surficial water chemistry during high water periods 
and ground water chemistry during low water periods (Meyboom^ 
1962). Present studies, although not designed to test such a 
hypothesis, do support it. Water levels did not reflect 
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rainfall unit for unit nor did water chemistry reflect a 
dilution proportional to rainfall and change in water 
depth. Other factors enter in however. Volume changes 
are greater proportionally than are depth changes and COg 
concentrations were at lowest levels during high water 
levels. 
Other changes in water chemistry could not be related 
to water regime. Hydrogen sulfide levels were significant 
only in late spring. Phosphate levels varied considerably 
from stand to stand= Phosphorus was available at all 
times at levels higher than expected. Only arumoniuïTi 
nitrogen was detected. Oxygen levels were above 1 
only during the early part of the growing season prior to 
shading of the water by emergent vegetation. At this time 
filamentous algae, Lemma trisulca and Drepanocladus sp. 
flourished. During this time Drepanocladus was submerged 
due to elevated water levels. Further study is needed to 
indicate which factors contribute significantly to observed 
water chemistry. 
Another area needing clarification is the relationship 
between water and plant chemistry. Since few marsh 
studies have included water chemistry of the root zone, few 
direct correlations can be made. Khalid {1969) looked at gas 
concentrations in saturated soils. Jones (1972a) relates 
increased available iron in water-logged soils to in­
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creased contents in plant materials/ and proposes the 
existence of a protective device in marsh plants for the 
prevention of iron toxicity. Armstrong (1964) and Jones 
and Etherington (1970) found precipitated iron oxide in 
the vicinity of plant roots. Armstrong and Boatman (1967) 
suggest that such precipitation also occurs on cell walls 
and in intercellular spaces. This may account for the 
excessive iron content of roots in present studies. Jones 
(1972a) notes that two of the Carices studied had lower 
iron contents in shoots than the two less tolerant grasses. 
Explanations for high quantities Of aluminum and sine 
in roots with much lower concentrations in shoots in all 
species presently investigated are not known. Why the 
same relationship for copper only existed for three of 
the six species studied is unexplained. Boron was in 
much greater concentration in roots than shoots of all 
plants except Phragmites communis. Three species also 
showed this pattern in sodium content. Jones (1972b) 
suggests high concentrations of manganese may actually 
be beneficial for some Carices. Whether these concentra­
tions of îïîétâls ifelate to oxygen gradients between ths 
root and its environment or to unusual metabolic pathways 
is unknown= Crawford and Tyler (1969) give evidence 
that accumulation of malic acid is accompanied by accumu­
lation of cations. 
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The concentration of the macronutrients for which tests 
were run were extremely low in shoots of all species sampled. 
This is in contrast to high levels found in British bay 
plants (Gorham, 1953). Nutrient deficiencies (Table 12) 
are evident for N, P, B, and Zn in shoots and roots of most 
species. It is interesting that subterranean organs 
generally have much higher levels of the latter two. Sub­
terranean organs generally had higher levels of P than 
the shoots and slightly higher to much lower levels of N 
than corresponding shoots. Evidence of toxxcity due to 
high levels of any metal was not found. Early chlorosis was 
noted, however, in all species of Scirpus. This began in 
early August both years. Its cause is unknown. 
Boyd (1970) reports the following nutrients levels 
for Typha latifolia ash 4.91%, N 0,51%? P 0.11%, Ca 0.56%, 
Mg K 2.0/% and Na u.24%. These are similar to 
present findings. All nutrients except Na decreased 
from May 1 through July 17. Rapid uptake of nutrients, 
especially P and N, occurred in early spring. Begres 
(1971) also reports a rapid uptake of nutrients by diatoms 
in early spring. Boyd (1970) suggests this early uptake 
by Typha alleviates competition with other species during 
the growing season. Present findings of higher levels of 
critical nutrients in all species at the beginning of the 
growing season than at estimated peak standing crop negates 
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an advantage for any one species; however, a disadvantage 
may occur for a species not following this pattern. Species 
with high levels of productivity absorb much greater 
quantities of nutrients during the growing season. The 
restoration of N, P and K levels in most submerged organs 
by the end of the growing season may indicate a transloca­
tion back to storage organs. 
Boyd and Hess (1970) found a direct correlation be­
tween standing crop at flowering and available phosphorus 
for Typha latifolia. Standing crops of shoots ranged 
from 428 to 2.252 g/m~. Water phosphorus accounted for 
67% of biomass variability, soil P accounted for 50%. Thus 
they concluded that water phosphorus is a better measure 
of fertility than is soil phosphorus» Strong correlations 
were not found between nutrient levels in plants and those 
in the environment. However, Boyd (1971) found that addi­
tion of fertilizer enhanced production. Roots from green­
house experiments contained 2/3 as much N as shoots and 1/2 
as much K. P concentrations were higher for roots than 
shoots. Present N ratios for Typha were similar but 
roots contained 5/6 as much K as shoots. Other species had 
very different ratios. 
Marsh primary productivity varies with species and the 
numerous factors that influence their growth. Boyd and Hess 
(1970) report standing crops of Typha shoots at fruiting time 
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ranging from 428-2,252 g/m . Bray (1960) and Bray et al. 
2 (1959) report a range from 1,070-1,731 g/m for Typha in 
Minnesota at estimated peak standing crop in September. 
Penfound (1956) found that a mid-summer drought caused a 
2 decrease in standing crop from 1,245 g/m on 2 July to 
2 1,051 g/m by 16 July, ûarvis (1969) reported a maximum 
2 standing crop for Typha of 1,566 g/m in New Jersey. Typha 
had the highest rate of production in spring of the 4 
communities studied. This was accompanied by a rapid 
decrease in subterranean biomass. A maximum subterranean 
biomass (1,800+g/m ) occurred at the end of the growing 
season. This reserve was largely depleted over the winter, 
but consumption by muskrats may have been partially 
responsible. Typha produced over 80% of the community 
production. 
The -Typha X glauca stand in the present study had 
2 1,531 g/m in Typha shoots. McNaughton (1966) found 50% 
of Typha biomass in root materials, Boyd (1971) found 
53% of total production in roots in greenhouse experiments. 
Roots and rhizomes accounted for 45% of the total biomass 
in my studies. McNaughton (1966) reports a greater 
proportion of biomass in roots in northern populations 
than in southern populations. 
Borutskii (1950, cited by Westlake, 1965) estimated 
that annual production for Phragmites communis was only 
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about 2% greater than maximum standing crop. Dykyjova 
(1971b) used peak standing crop plus 10% to estimate annual 
production of Phraqmites communis, Typha latifolia and 
Scirpus lacustris. Westlake (1965) points out that there 
may be two peaks in standing crop for some species. Present 
observations support this; however, the series of biomass 
samples necessary to document it were not taken. Carex 
atherodes, Carex lacustris and Scirpus fluviatilis showed 
a period of rapid spring growth followed by fruiting in 
June* During July and August both Carices and fluviatilis 
produced additional vigorous shoots. Further investiga­
tions showed these to be associated with new rhizome 
growth and in the case of S^. fluviatilis new tuber produc­
tion. Such a phenological pattern may have an ecological 
advantage, especially in shallow marsh zones. Seed produc­
tion uccurs early, before drastic rsductiuii» iii wdtcsi levels 
normally occur. Later vegetative growth provides a reserve 
of nutrients for vegetative propagation. Whether a second 
surge of growth occurs under drought conditions could not be 
ascertained from present studies. 
Jervis (1969) suggests that post-dormancy recall 
of stored materials from rhizomes for the rapid develop­
ment of the photosynthetic surface is ecologically 
advantageous. Present studies indicate that Carex lacustris 
had the least amount of stored energy and the earliest 
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emergence. Scirpus fluviatilis and Sparganium eurycarpum 
had the greatest amount of stored energy and were the last 
species to emerge. S. fluviatilis had the most rapid 
rate of development with flowering occurring within 2 
weeks of emergence. 
Relationships between species (positive and negative 
correlations) help elucidate similarity or dissimilarity 
in environmental requirements (Kershaw, 1964). Clustering 
techniques, using indices of similarity, revealed few 
groupings of species among the 28 most abundant hydric 
species. Two small groups and a single species were split 
off a large group. Calamagrostis canadensis, Impatiens 
biflora, Teucrium canadense, Lycopus americana and Carex 
lacustris formed one group. The other small group con­
sisted of Carex atherodes, Lysimachia thrysiflora and 
Lycopus asper. Polygomiin pimotatiiin was separated by itself. 
The highest degree of correlation occurred between 
Scirpus fluviatilis, Spirodela polyrhiza, Sagittaria 
spp., Drepanocladus sp. and Scutellaria galericulata in 
the very large cluster. 
Factor analysis indicated that Calamagrostis canadensis. 
Impatiens biflora and Teucrium canadense were responding 
positively to the same variable or set of variables. These 
species constitute the first cluster defined above with the 
addition of Carex lacustris. The similarity of C. lacustris 
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to other members of this cluster is low (C=0.2) and probably 
meaningless because of its very low frequency (3%). Species 
in this group are responding positively to moist soil 
conditions. 
The second factor seems to be associated with the 
floating mat along the northwest transect. Scirpus 
fluviatilis/ Drepanocladus spp. and Sagittaria spp. have 
high positive values. These species were also highly 
correlated in the cluster analysis. 
Further correlations between the two analyses are 
not evident. The low levels of variance accounted for 
by each factor indicate a lack of strong gradients through­
out. Failure of species to separate into well-defined 
groups in the dendrograph relates not only to lack of di­
versity in the physical environment but indicates a lack of 
correlation between dominant and subordinant species. Raw 
coverage class data fails to reveal any strong dominant-
subordinant relationships. Many of the low similarity 
indices reflect very low species frequencies. 
Emergent marsh species exhibit rather broad ecological 
amplitudes with water regime appearing to be the most limiting 
factor. Daubenmire (1968) lists successional trends as "re­
placement of species with similar broad ecological amplitudes 
by groups having narrower but complementary requirements, and 
increase in interspecific dependencies". Lack of evidence of 
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these trends supports the concept of the marsh as a serai stage. 
From a management point of view the marsh may be 
thought of as a system in dynamic equilibrium in which 
the vegetation moderates the effects of environmental 
changes and these in turn modify the vegetation. Stability 
is afforded to the system by the perennial emergents which 
reduce ice and wave action and protect the peat layer during 
droughts. Large amounts of living biomass present at all 
seasons and vegetative reproduction enhance survival 
during unfavorable conditions^ Even though species diver­
sity is low it is important to stability. Species are 
readily available to replace those lost to disease or 
consumers. Severe disruption may lead to increased ice 
and wave action and eventual disruption of the community. 
Hazards inherent in management by water level manip­
ulation iiiolùdë réduction the peat layer below I k v s I s  
conducive to emergent vegetation, reduction in species 
diversity resulting in instability, and disruption of 
sufficiently large areas to permit ice and wave action to 
cause further disruption. High water levels in late fall 
and winter could sustain high irruskrat populations and lead 
to serious damage to the vegetation. 
Concerning adaptability of marsh emergents to mud­
flats of fluctuating-level reservoirs, there seems to be 
little reason for optimism. Conditions such as high water 
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which cut off the diffusion of into living tissues for 
respiration by way of living and/or dead stems and leaves 
for sustained periods of time are fatal. At the other 
extreme, droughty conditions, which often occur on mud­




Studies relating water regime, water quality, sediment 
type, species distribution, species dominance, biomass, 
energy, and mineral nutrient content were carried out 
on emergent marsh vegetation in Big Wall Lake. Results 
and conclusions follow; 
1. Carex atherodes , C. lacustris, Phragmites communis, 
Scirpus acutus, £. fluviatilis, Sparganium eurycarpum, and 
Typha X glauca occur as single-dominants and in mixed 
stands in deep marsh areas (water depths reaching a maxi­
mum of approximately 80 cm and a minimum of about 40 cm 
each year of the study). 
2. Carex atherodes. Scirpus fluviatilis, Phragmites 
communis and Typha X glauca occurred as single dominants 
xn shallow marsh areas (water levels near or slightly 
below the soil surface during the latter part of the growing 
season). 
3. Typha latifolia generally did not occur in dense single-
Qomxnant stands* 
4. Areas within the deep marsh zone where the vegetative 
mat was floating contained wet meadow specxes such as 
Calamagrostis canadensis and Leersia oryzoides. 
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5. Drepanocladus spp. covered much of the water surface 
where vegetation was sufficiently dense to provide support 
but not so dense as to exclude sufficient light for growth. 
6. Spirodela polyrhiza was most abundant in areas of stand­
ing water and sparse vegetation. 
7. Zizania aquatica occurred primarily in areas of recent 
vegetation die-back. 
8. Scirpus fluviatilis, Carex atherodes, C. lacustris and 
Sparganium eurycarpum may form single-dominant stands with 
floating mats in areas protected from wave action. Mixed 
dominant floating mats also occurred. 
9. Scirpus acutus and Phraqmites communis, the two species 
with the most extensive fibrous roots, form only securely 
a M w f 4 ^ 1 ^ 4 ^ U— ^ JSj-* 
10. Typha X glauca did not occur as a single-dominant with 
a floating mat. It did occur in mixed-dominant stands having 
floating mats. It is felt that the rapid rate of rhizome 
production and litter accumulation precluded its occurrence 
for prolonged periods as a floating mat. 
11. Clustering techniques revealed few species correlations, 
12. Disturbance plays a major role in the development of 
vegetation pattern. Vegetative organs transported by 
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muskrats may lead to the establishment of new stands. 
13. Fluctuating water levels play an important role in 
controlling peat accumulation and in mitigating the effects 
of muskrat disturbance through seedling establishment. 
14. Coverage values do not relate directly to dominance 
as measured by biomass values. Sagittaria spp., Drepano-
cladus spp. and Spirodela polyrhiza had high coverage values 
yet very low biomass. 
15. Scirpus flu.viatiXig had the largest submerged biomass 
and was the most widely distributed species but produced 
the smallest standing crop of shoots of the six emergent 
dominants sampled from single-dominant stands. 
16. Typha X glauca most completely dominated the stands 
where it occurred as a single-dominant. Sparganium eury-
carpum dominated its stand least effectively. It had the 
greatest percentage of stand biomass occurring in species 
other than the dominant. 
17» The two Carxces have the longest period of apparent photo-
synthetic activity. They were the first species to emerge 
and remained green until ice occurred on the surface of the 
water. Scirpus fluviatilis had the shortest period of apparent 
photosynthetic activity. It was the last dominant to emerge 
and showed the earliest signs of chlorosis. However y new 
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shoots produced by rhizome extension remained green until 
a killing frost. 
18. On the basis of present vegetation, Big Wall Lake is 
best classified as slightly brackish, however, on the basis 
of surface water chemistry it is a fresh water marsh. 
19. Water chemistry appears to be affected more by seasonal 
fluctuations in the water regime than by individual dominant 
emergents. 
20. Water chemistry in the root zone is significantly 
different from water chemistry at the surface being con­
sistently higher in total alkalinity, hardness, iron, and 
CâxbOFi dioxide. 
21. The relationship between water chemistry and plant 
iiuci'ieiic cOijteiifc its little understood. High levels of 
metals were present in submerged organs of all six dominants 
investigated, 
22= A principle component analysis of the vegetational 
data failed to reveal highly influential gradients. Only 
small amounts of the total variance could be accounted for 
by any one factor. 
23. A holoceonotic concept of the marsh is important for 
management. The fact that it is a serai stage is important 
Ill 
for long term perspective, but for practical operation it 
has many characteristics of dynamic equilibrium. 
24. What stability is present relates to species diversity 
and density. Disrupting organisms and water level fluc­
tuations affect each species differently allowing for 
shifts but generally do not result in total disruption of 
the vegetation. Some species may not presently occur at 
their optimum, since competition and overlap in ecological 
amplitudes may force some toward an edge of their range. 
Dense vegetation prevents wave and ice action which might 
cssSwiOy epâ&eS vsgs'cs'cioiis Dense VGge"CHtxon slso pro^sccs 
the peat layer from drying winds which increase oxidation 
and subsidence during droughts. 
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Table A-1. Yearly precipitation for Webster City and Clarion 
Iowa, 1930-1971 
Deviation 
Year Clarion Webster froiti^ 
City normal 
1930 26.95 -3.05^ 
1931 32.93 +2.93^ 
1932 31.68 +1.68° 
1933 21.94 -8.06° 
1934 24.33 -5.67" 
1935 30.78 +0.78° 
1936 23.89 -6.11° 
1937 23.98 -6.02° 
1938 37.24 +7.24^ 
1939 20.10 -9.90° 
1940 32.78 +2.78° 
1941 25.90 -4.10° 
1942 29=42 -0.587 
1943 29.64 -0=36° 
1944 37.52 +7.25° 
1945 33.85 34.02 +3.94 
1946 30.87 27.07 -1.03 
1947 28.35 31.94 +0.15 
1948 23.76 27.02 -4.66 
1949 24.09 23.52 =6.20 
1950 32.49 34.73 +3.61. 
1951 41.90 +11.90° 
1952 26.32 24.02 -4.83 
1953 26.01 24.89 -4.55 
1-S54 58.23 37 a 24 I 7 e 73 
1955 22.04 29.08 -4.44 
1956 20.47 22.39 -8.57 
1957 30.35 28.37 -0.54 
1958 25.48 20.78 -6.92 
1959 31.63 28.61 +0.12 
1960 30.53 34.70 +2.61 
1961 21=93 27=29 -5,39 
1962 30.00 26.10 -1.95 
1963 31.54 28.86 +0.20 
1964 32.17 26.49 -0.67 
1365 37.02 40.2] +8.61 
^Average for area is 30 in/year (Shaw and Waite, 1964}. 
Figure represents mean deviation for both areas. 
^Based on data from one station only. 
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Table A-1 (Continued) 
Deviation 
Year Clarion Webster from 
City normal^ 
1966 21.40 20.89 -8.85 
1967 30.47 25.66 -1.93 
1968 37.72 30.56 +4.14 
1969 35.93 43.25 +9.59 
1970 31.79 25.73 -1.24 
1971 33.43 25.07 -0.75 
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Table A-2, Monthly precipitation and average temperature for 
Clarion amd Webster City, Iowa.and deviation from 
normal for Webster City (January, 1970-April, 
1972) 
Clarion Webster City 
Month Precipi- Tempera- Precipi- Tempera-














.50 5.4 .26 (-.61)^ 8.5 (-10.1) 
.16 19.1 .04 (-0.87) 22.6 (+.3) 
2.05 29.3 1.60 (-.06) 30.3 (-3.0) 
1.54 48.9 1.16 (-1.25) 50.2 (+1.8) 
5,58 62 = 5 4.73 (.86) 63.3 (3.1) 
4.64 70.3 2.38 (-2.52) 70.4 (.5) 
3,70 73 = 0 3.71 (.24) 73.1 (-1.3) 
1.24 69.9 2.42 (-.98) 70.6 (=1.9) 
3.08 62.5 2.92 (.04) 62,9 (-1.1) 
5.37 50.2 3.54 (1.70) 51.0 (-1.5) 
2.13 35.0 1 = 73 {.21) 33.6 (.2) 





January .44 9.8 .40 (-.47) 12.6 (-6) 
February 3.55 18,6 2 = 24 (1=33) 20.5 (-1=8) 
March 1.60 30.2 .56 (-1.10) 32 (-1.3) 
April 1 = 13 49.0 .75 (-1.66) 49.8 (1.4) 
May 2.75 56.8 3.29 (-.58) 57.1 (-3.1) 
€. 36 74 « 4 4.17 (-=73) 74.3 (4.4) 
July â.53 68.9 3.02 €7-5 Q\ 
August .59 69,2 = 58 (-2=12) ?6IÎ (-2,4) 
September 2.47 64.7 1.91 (-.97) 64.9 (.S) 
October 4.84 55.8 3.98 (2.15) 56.9 (4.3) 
November 3.20 36.8 3.17 (1.66) 37.4 (2.0) 






















"^Deviation from normal 
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Table A-3. Solar radiation input at Ames, Iowa. April-
November, 1971 
, Mean Solar Radiation in 
Month 2 









APPENDIX B: TABLE B-1 AND FIGURES 
5-1 THROUGH 5-11 
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Table B-1. Mean temperatures of water samples for each 
sampling data 
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Figure B-2. Carbon-dioxide levels in water samples from 
root zones in selected stands of emergent 
vegetation 
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Figure B-4. Copper levels in water samples from root zones 
in selected stands of emergent vegetation 
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Figure B-6. Hydrogen sulfide levels in water samples from 
root zones in selected stands of emergent 
vegetation 
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Figure B-7. Iron levels in water samples from roots zones 
in selected stands of emergent vegetation 
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Figure B-8. Hydrogen ion concentrations in water samples 




Northeast Study Area 
Scirpus acutus 
-I—I—I—I—I—r—I—I—I—I—I—I—I—I—I—I—I—I 
1971- " " " " 1972 
7.0 
6.0' 
Northwest Study Area 
Carex lacustris 
:  — A . _  
# iniA>o>o N*^a)*^0»0»OOmlWM 
1971- 1971 
Scirpus fluviatilis 





6.oJ I  I  »  I  I  I  f  









1 * ^ \/ * 
o.O "  I  i I  I  I  I I  I  I  • I  »  I  I I  I  I  I  I  
j r V \ « O M > ^ C w C ^ « D C D ^ Q k < K O O p 4 N W « g  
1971- .. rt rt 
Sporgonlum eurycarpum 





1971-  ^  ^ r4 .* 1#2 
,04 
Typha X gtouca 
4" 
à 3 sTlTiTFiTilTiTil 
t «0 «0 fv CO 00 
1971- S S 3 1972 
Typha X giauca 
7.oj 
6,o], , , , 
1971- w ^  ^ -t 197» 
Figure B-9. Orthophosphate levels in water samples from 
ïoot zone5 
vegetation 
iwwL. uiicS Xii sdevteâ stands of GRicrgsnl 
148 
ORTHOPHOSPHATE (mg/l) 
Northeast Study Area Northwest Study Area 
3 Scirpus acutus —" " i l l l l i l l l l l l l l l l l l l  
X971- 1971 
Carex lacustris 
y / + / 
. —«—w—9—r—I—1—I—1—I—I—I—w—•—I I '• 
n î m î î i î î u i i U î  i5?l= ri M M ^  19?: 
ivn Scirpus fluviatilis 
tx 
" 'JL j. i- JÇ 
/\ A/-" 
nïîîi!îîïlî!ï|î!5 








S è ôi 
^ ^ 
S97X-
o r\ cw CD î CW i9 «9 l  S S à a 1972 
^ Typha X glauca 
'-i 4. .. . 
0 ' 8 u  a  J  I  »  J  8 I  8 V > • 
nmnrnnî  
1971-





V r" * ' — 
ViTiTiTiTFJiTiTiTi 
. M M M M non* 
Scirpus fluviatilis 
1 r 
/ " v 
3 11 I • o a 2 M 






1971- H M  ^ -i 1972 
s_ Typha X glauca I A 
-j / " 
ol U U J U U 
1971-
I 8 g -
^ m m pkO^OOWCMMM M M M M 2^ 2 
Figure B-10. Total alkalinity (mg/1 CaCO^) levels in water 
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APPENDIX C; TABLES C-1 THROUGH C-6 
Table C-l. Distribution of plant biomass and stored energy 
stand (Big Wall Lake^ Wright Co., Iowa) 
in a Carex lacustris 
Species Datei 
Submerged organs Emergent organs Incr. over Apr., 1971 
g/v? 2 kcal/ro g/m^ kcal/m^ g/m^ 2 kcal/m 
Carex 4-'i2-•71 633 2826 
lacustris 6--24-•71 483 2192 512 2290 362 1656 
11--22-71 838 3740 205 914 
4--20-•72 502 2252 -131 -574 
Scirpus 4--22-71 184 843 
112 495 fluviatilis 6--24-71 280 1265 16 73 
11--22-•71 203 925 19 82 
4--20-72 191 856 7 13 
Typha 4--22-•71 37 151 
105 SE£. 6--24-•71 46 205 13 51 22 
11--22--71 55 225 18 74 
4--20--72 0 0 -37 -151 
Sagittciria 4--22--71 38 157 
17 -24 -97 S££. 6--24-•71 10 43 4 
11--22-•71 33 135 -5 -22 
4--20-•72 21 87 -17 -70 
Polygonum 4--22-•71 13 55 
0 -13 -55 amphibium 6--24-•71 0 0 0 
11--22-•71 43 186 30 131 
4--20--72 7 31 — 6 -24 
Spar gar,lium 4--22-•71 2 7 
0 18 euryccirpum 6" -24-•71 6 25 0 4 
11--22--71 0 0 -2 -7 
4--20-•72 0 0 -2 -7 
Totals for 4--22-•71 907 4039 
2122 stand 6--24-•71 825 3730 545 2431 463 
11 -22-•71 1172 5211 265 1172 
4" -20--72 721 3226 -186 -813 
Table C-2. Distribution of plant biornass and stored energy in a Phragmites 
communiî? steind (Big Wall Lake, Wright Co. , Iowa) 
— organs Emergent organs Incr. over Apr. , 1971 
Species Date g/m^ lical/m'^ 
1 
kcal/m^ g/m^ kcal/m 
Phragmites 4 -20" •71 611 2789 
communis 9 -11" •71 1184 52 85 893 4035 1466 6531 
11 -19" •71 868 3884 257 1095 
4 -24" •72 930 4159 319 1370 
Scirpus 4 -20" •71 388 1778 
fluviâtilis 9 -11" •71 159 729 0 0 -229 -1049 
11 -19" •71 262 1191 -126 -587 
4 -24" •72 150 673 -238 -1105 
Typha 4 -20" •71 82 336 
spp. 9 -11" 71 0 0 0 0 -82 -336 
11 -19" •71 0 0 -82 -336 
4 -24" •72 64 263 -18 -73 
Spar gallium 4 -20" 71 0 0 
euryccirpujiix 9 -11" •71 182 786 184 785 366 1571 
11 -19" -71 0 0 0 0 
4 -24-72 17 72 17 72 
Sagittêiria 4 -20" •71 29 122 
9 -11" •71 10 39 18 76 -1 -7 
11 -19-71 18 72 -11 -50 
4 -24" 72 42 175 13 53 
Polygonum 
amphibium 
4 -20" 71 11 47 
9 -11" 71 30 129 15 66 34 148 
11--19-71 0 0 -11 -47 
4' -24" 72 18 78 7 31 
Drepanocladus 4 -2 0" 71 0 0 
163 spp. 9 -11-71 38 163 38 
11--19" 71 0 0 0 0 
4' -24— 72 7 30 1 30 
Totals for 4 -20-' 71 1121 5072 
stand 9 -11-71 1565 6968 1148 5125 1592 7021 
11 -19-71 1148 5147 27 75 
4' -24— 72 1221 5420 30 107 378 
Table C-3. Distribution of plant blomass 
acutus jïtancl (Big Wall Lake, 
and s 
Wright 
tored energy in a 
Co., Iowa) 
S>cirpus 
Specie £5 Date 
Submerged organs Emergent organs Incr. over Apr., 1971 
g/ra' kcal/m^ g/m'^  kcal/m^ g/m^ kcal/m^ 
Scirpusj 4--17-•71 58(1 2532 
acutusî 7 -19-•71 765 3291 746 3247 923 4006 
11--11-•71 109SI 4744 511 2212 
4--16- 72 955' 4105 371 1582 
Scirpuss 4--17- 71 580 2655 
fluvicîtilis 7 -19" 71 625 2823 77 351 122 519 
11--11-71 440 2040 -132 -615 
4--16" 72 451 2022 -129 -633 
Typha 4--17" 71 0 0 
spp. 7--19" 71 15 67 58 240 73 307 
11--11" 71 182 747 182 747 
4 -1(3" -72 21 86 21 86 
Sparganium 4--17" 71 0 0 
eury carp uni 7--19" 71 26 112 25 106 51 218 
11--11" 71 9 Si 417 98 417 
4--16" 72 71 301 71 301 
Polygonum 4--17" 71 33 142 
amphibium 7--19" 71 2 7 3 14 -28 -121 
11--11-71 29 127 -4 -15 
4--16" 72 24 105 -9 -37 
Lysimachia 4--17" 71 29 
thyrsiflora 7--19" 71 24 106 38 167 55 244 
11" -11" 71 11 47 4 18 
4--16" 72 18 75 11 46 
Sagittaria 4" -17" 71 0 0 
spp. 7-•19" 71 3 11 4 17 7 28 
11--11" 71 3 11 3 11 
4" -16" 72 0 0 
Drepanoclaclus 4-- 17" 71 0 0 
114 spp. 7" •19" 71 27 114 27 
11--11" 71 49 208 49 208 
4--16" 72 2 9 2 9 













Incr. over Apr., 1971 
3/3 kcal/m 
1208 5.358 
1460 6417 978 4256 
1870 8133 49 208 







Table C-4. Distribution of plant biornass and stored energy in a acirpus 
fluviatilis stand,(Big Wall Lake# Wright Co., Iowa) 
r, Submerged organs Emergent organs Incr. over Apr.; 1971 Specie» Date a 5 ^ 5 
g/m"*' kcal/m g/m kcal/m g/m kcal/m 
Scirpu£5 4 -20--71 lliiS 5299 
fluviatilis 7 -19--71 1352 6193 333 1502 527 2396 
11" -16--71 13:18 6091 180 792 
4 -24--72 13:10 5963 172 664 
Sagittaria 4 -20--71 gl7 282 
spp. 7 -19-•71 •10 128 111 461 74 307 
11 -16-•71 72 298 5 16 
4 -24--72 66 275 -1 -7 
Drepanocladus 4 -20-•71 91 373 
spp. 7 -19-•71 0 0 -91 -378 
11 -16-•71 35 148 -56 -230 
4 -24-•72 43 183 -48 -195 
Sparganium 4 -20-•71 .16 67 
euryccirpum 7 -19-•71 0 0 0 0 -16 -67 
11 -16-•71 0 0 -16 -67 
4 -24-•72 7 30 -9 -37 
Polygonum 4 -20-•71 ;i3 58 
amphibium 7 -19-•71 0 0 0 0 -13 -58 
11 -16-•71 0 0 -13 -58 
4 -24-72 21 92 El 34 
Phragmi.tes 4 -20-71 0 0 
communis 7 -19-•71 1 4 6 26 7 30 
11 -16-71 0 0 0 0 
4 -24-•72 0 0 
Totals for 4 -20-71 1254 5706 91 378 
stand 7 -19-71 1383 6325 450 1989 488 2230 
11 •16-71 1410 6389 35 148 100 453 
4 -24-72 1424 6360 43 183 122 459 
Table C-5. Distribution of plant biomass and stored energy in a Sparaganium 












Submerged o,rga.ns Emergent organs Incr. over Apr. , 1971 
Date 
kcal/] 
4-22-71 8(15 3799 
9-16-71 955 4072 
11-22-71 8(:6 3699 
4-20-72 862 3650 
4-22-71 377 1728 
9-16-71 817 3689 
11-22-71 659 3000 
4—20—72 336 1507 
4-22—71 5 2 219 
9-16-71 69 295 
11-22-71 6 2 260 
4-20-72 37 154 
4-22-71 11 47 
9-16-71 104 448 
11-22-71 51 225 
4-20-72 17 74 
4—20—71 
4-22-71 1335 5793 
9—16—71 1945 8504 
11-22-71 163 8 7184 




































Table C-6. Distribution of plant biomass and stored energy in a Typha X 
glauca Sîtancl (Big Weill Lalce, Wright Co., Iowa) 






kcal/m^ g/m^  kcal/m^ g/m" 2 kcal/m 
Typha X 4-20-71 1102 4537 
glaucêi 7-30-71 1263 5196 1531 6334 1692 7493 
11-19-71 1440 5923 338 1386 
4-24-72 1440 5907 338 1370 
Scirpusi 4—20—71 45 206 
fluvicitilis 7-30-71 27 121 0 0 -18 -85 
11-19-71 0 0 -45 -206 
4—2 4—72 6 27 -39 -179 
Sagittaria 4—20—71 8 31 
S££. 7-30-71 12 50 18 73 22 92 
11-19-71 10 42 2 11 
4—24—72 0 0 -8 -31 
Carex 4—20—71 12 53 
atherodes 7-30-71 0 0 -12 -53 
11-19-71 0 0 -12 -53 
4-24-72 0 0 -12 -53 
Totals for 4-20-71 1167 4827 
stand 7-30-71 1302 5367 1549 6907 1684 7447 
11-19-71 1450 5965 283 1138 
4-24-72 1446 5934 279 1107 
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Table D-1. Common names of emergent species which occurred 
in shallow and deep marsh zones along permanent 
transects in Big Wall Lake 
Species Common Name 
Àlisma Plantago-aquatica L. 
Asclepias incarnata L. 
Bidens cernua L. 
Bidens frondosa L. 
Calamagrostis canadensis Beauv. 
Carex atherodes Spreng. 
Carex comosa Boott. 
Carex lacustris Willd. 
Carex lasiocarpa Ehrh. 
Drepanocladus (C.M,) Roth, 
Eleocharis R. Br. 
Glyceria grandis S, Wats, 
Impatiens biflora Walt. 
Leersia oryzoides (L.) Sw. 
Lycopus amsricanus Muhl. 
Lycopus asper Greene 
Lysimachia thyrsiflora L. 
Mentha arvensis L. 
Phragmites communis Trin. 
Polygonum amphibium L. 
Polygonum lapathifolium L. 
Polygonum punctatum Ell. 
Rumex orbiculatus Gray 
Sagittaria cuneata Sheldon 
Sagittaria latifolia Willd. 
Scirpus acutus Muhl. 



























£>cxrpus vaxxaus Vah±. 
Scutellaria galericulata L. 
Sium suave Walt. 
Sparganium eurycarpum Engelra, 
Spirodela polyrhiza (L.) Schleiden 
Teucrium canadense L. 
Typha latifolia 
Typha X glauca Godron 
Softstem Bulrush 
Marsh Skullcap 
Water Parsnip 
Giant Burreed 
Duckweed 
Germander 
Common Cattail 
Hybrid Cattail 
